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INVESTIGATION OF POLYMERIZATION AND PROPERTIES OF . 
MIXED POLYESTERS OF THE ACRYLIC SERIES 


A. A. Berlin, G. L. Popova and &, F, Isaeva 


(Presented by Academician A, V. Topchiev March 2, 1959) 
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We previously reported the of a new of derivatives of the series, 
acrylates DJ. 

In the present communication an examination is made of the connection between the structure of the 
polyester acrylates, their capacity for three+dimensional and the physicomechanical 
of the polymezs, 


The sudjects for the investigation were (bis- ethylene glycol) - phthalate diisabiadintinn, (bls-dtethylene 
glycol) - phthalate dimenthacrylate, (bis-triethylene glycol) - phthalate dimethacrylate, (bis-triethylene gly- 
col) - sehacare (bis- glycerol) - phthalate tetramethacryate and (bis-glycerol) - sebacate tet- 
rametha crylate, 


The substances indicated differed in the nature and the elasticity of the groups en the cross links 
of the steric structure of the polymer and also in the number of reactive double bonds, 


Block polymerization was carried out at temperatures of 65 and 20 — 25° in the presence of benzoyl per- 
oxide. 


A study of the polymerization kinetics established that in all cases the polymerization of tetra- and octa- 
functional polyester acrylates proceeded with an induction — during which the viscosity and refractive 
index did not change, . 
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TABLE 


Physicomechanical Properties of Polyiners¢ 
~ Specific resilience, Brinell hardness, 
1 Poly-(triethylene glycol dimathacrylate) 7 .. 20 
2. Poly-{(bis~ethylene glycol)-phthalate dimetha- 
crylate] 6.0 24,0 
Poly-[(bis- diethylene glycol)=phthalate dimethac- 
rylate) 10,8 26,7 
4 Poly-[(bis- triethylene methac- 
rylate} 29.3 30.5 
5 Poly- [(bis- triethylene glycol)-sebacate methac- 
rylate) 25.5 40 


© The Infusible, insoluble polymers withstoog heating to 220 — 260°, 


To elucidate the effect of molecular functionality of the polyester ac.ylates on their capacity for three- 
dimensional polymerization, we compared the rates of polymerization of octafunctional (bis-glycerol)-phtha- 
late tetramethacrylate (Fig. 1, 1) and tetrafunctional (bis-tiethylene glycol)-phthalate dimethacryiaie (Fig, 
1, 2. As is seen, with an increase in the number of double bonds, the rate of polymerization of the esters in= 
creased sharply. 


In contrast to tetrafunctional polyester acrylates, in the presence of benzoyl peroxide octafunctional 
polyester acrylates ((bis-glycerol)-phthalate and -sebacate tetramethacrylates) were capable of forming glass- 
like polymers at 20 — 25° (Fig. 2). 


An examination of the curves in Fig, 2 shows that in the polymerization of octafunctional polyester 


acrylates at a temperature of 20 — 25° in the presence of 1% benzoyl peroxide, 70% of insoluble polymer was 


formed after five days, Further proceeded more slowly, The yield of insoluble polymer reached 
82 — 85% only after 15 days. 


A comparison of curves 1 and 2 in Fig, 2 shows that the rate of polymerization of different esters with 
the same functionality depended on the distance of the reactive groups from each other, 


Thus, (bis-glycerol)-sebacate tetramethacrylate (curve 2) polymerized more slowly than (bis-glycerol)- 
-phthalate tetramethacrylate (curve 1) and this may be explained by steric effects of the radical between the 
double bonds of the monomer, 


During the work it was established that simian oxygen inhibited the polymerization of polyester 
acrylates and the introduction of a siccative (siccative 1640 — a 35,5% white alcohol solution of a melt of cobait 
resinate with a drying oil and lead- manganese Mnoleate) eliminated this phenomenon, As Fig, 2 shows, the 
introduction of a siccative increased the polymerization rate of octafunctional esters at a temperature of 
20 — 25° (curve 3). 


The yield of inscluble polymer reached 85% after five days and 92% after 10 days, Extending the time 
to 20 days led to only a 3% increase in the polymer yield, 


A difference in the structures of polyfunctional mixed esters of methacrylic acid undoubtedly must be 
reflected in the magnitude of the volume contractions during polymerization and in the physicomechanical 
properties of the polymezs, 


An investigation of the kinetics of contraction phenomena during polymerization of polyester acrylates 


showed: 


1, Among the tetrafuxctional esters, with an increase in the separation between the functional groups 
the volume contractions decreased, Thus, (bis-ethylene glycol)-phthalate dimethacrylate had a contraction 
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equal to 5, 4%, while (bis-trlethyiene glycol)-sebacate dimethacrylate had one of 1, 6%, This indicates that | 
with an increase in the separation between the double bonds of the monoiner, polymes: with more loosely 
packed macromolecules are formed (2). 


2, Among the octafunctional polyester acrylates, a change in the separation between the pairs of - 
double bonds has hardly any effect on volume contractions during polymerization, Thus, (bis-glycerol)~phthal- 
ate tetramethacrylate and (bis-glycerol)-sebacate tetramethacrylate have equal contractions (0.5%). 


This fact {s in full agreement with ideas on the effect of the nature and elasticity of “cross-linking — 
groups" on volume contraction during three-dimensional polymerization, 


Actually, removal of glycerol dimethacrylate gruups from the molecule of the octafunctional polyester - 
acrylates investigated does not change the separation between neighboring pairs of chains and, consequently, 
has hardly any effect on the volume changes in the first stage of three-dimensional polymerization of the 
monomer, 


The effect of the structure of the polyfunctional esters of methacrylic acid on the physicomechanical 
properties of the polymeric products were characterized by the values of specific resilience and meena Data 
from physicomechanical tests of the polymer properties are presented in Table 1. 


As can be seen, the specific resilience and hardness of the infusible, glass-like polymers increases 
with a decrease in the density of packing of the cross-linked chains of the macromolecules (Exps, No, 1 — 4) 
and with an increase in the flexibility of the cross-linking groups (Exps, Nos, 4 and 5). 


The increase in hardness with the increase in size and elasticity of the cross-links is apparently due © 
to the decrease in internal strain, usually produced as a result of contractions duritig transition from monomer 
to polymer, 


Thus, polyester acrylates offer the possibility of inna poiymers with a minimal volume change, « 
coupled with high thermal stability, hardness and resilience, 


In this connection, polymers of polyester acrylates have considerable advantages over known types f. 
infusible polymeric products and this offers us wide prospects of applying them as binding and reinforcing plas~ 
tics, casting materials, compounds, a of adhesives and lacquer compositions, _— pastes and other 
types of polymeric materials, ; 
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REDUCTIVE ACETYLATION OF NITRO COMPOUNDS OF THE — 
. THIOPHENE SERIES IN THE PRESENCE OF RANEY NICKEL . 


Gol’ dfarb, M. M. Polonskays, | B, P. Fabrichnyi 
and I, F, Shalavina 


N, D, Zelinsky Lotitute of Organic Chemistry Academy of Sciences USSR _ 
(Presented by Acazatician B, A, Kazanskii February 25, 1959) 


We showed previously [1] that the action of Raney nickel (Nip) on S-nitro -2-thiophenecarboxylic acid 
I formed 6 -aminovaleric zcid. The yield of the latter, however, was very small, Starting from the observation 
that the hydrogenolysis of acetylamino acids of the thiophene series proceeds in better yield than hydrogenolysis 
of the corresponding amino acids (2), we attempted to increase the yield by using acetic anhydride as the reac- 
tion medium, Under thee conditions, the intermediate product, 5-amino-2-thiophenecarboxylic acid, could 
have formed the more stzble 5-acetylamino-2-thiophenecarboxylic acid Il, which-should have the 
yield of the acetylamino acid 


COOH 


However, we were 25le to isolate only acetylamino acid II from the mixture formed during the reaction, 
Since this compound forms (III) under the action of Nip in an aqueous medium [3], from the data of our experi- 
ment it follows that acetic anhydride deactivates Nip as a desulfurizing agent, This conclusion was also con- 
firmed on other examples: when heated with Nip in acetic anhydride 2-nitrothiophene and 4-nitro-2-thiophene- 
carboxylic acid also formed the corresponding acetylamino compounds and 3, 5-dinitro-2-methyl thiophene was 
reduced to the acetylamico nitro derivative, Thus, under the given conditions the reaction of Nip with nitro 


derivatives of thiophene sops at the stage of formation of the acetylamino compound or, in —_ words, the 
process leads to reductive acetylation, 


The effect of solvect on the reducing properties of Nip in the hydrogenolysis of diag derivatives was 
noted previously [4], but we were unable to find any mention in the literature of the capacity of acetic anhy- 
dride for suppressing the desulfurizing function of Nip in its action on nitro derivatives of thiophene, In connec- 
tion with this we will poizt out that our attempt to obtain acetylamino acid II by the method proposed for the 
reductive &_etylation of certain nitro compounds [5], namely by the action of zinc in a medium of acetic acid 
and anhydride, was unsuccessful since the product formed a tar, 


In identifying 5-acetylamino-2-thiophenecarboxylic acid II we encountered the fact that data on its prop- — 
erties presented in the literature are contradictory. Hartough [6] referring to the work of Steinkopf and Muller 
(7), reported m.p, 272 — 273° for it, although the latter authors gave this constant for 4-acetylamino-2-thio- 
phenecarboxylic acid, Campaigne and Archer (8) described the preparation of acetylamino acid II by the oxi- 
dation of 5-acetylamino-2-thiophenealdehyde (1V) and also reported m,p, 271 — 272° for it and thus confirmed 
the figure mistakenly repocted by tiartough, This discrepancy first attracted the attention of Cymerman-Cralg 
and Willis (9), though they later [10] arrived at the conclusion that Steinkopf actually had acetylamino acid 
Il and not the isomeric 4-acetylamino-2-thiophenecarboxylic acid, Finally, in 1957 Tirouflet and Chane [11) 
reported the preparation of Il with m.p, 272 by hydrolysis of its methyl ester, 
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Since the m,p, (230 — 232°) of the acetylamino acid we obtained, to which we ascribed structure II in 
accordance with the method of its formation, did not agree with tha’ indicated above (272°), it was necessary — 
to confirm the position of the acetylamino group in the ring, With this purpose, the acetylamino acid with m.p, 
230 — 232° was heated in vacuum; here decar’ oxylatjon gave a good yield of 2-acetylaminothlophene with m.p, 
160 ~ 160,5°; the isomeric 3-acetylaminothiophene (12) has m.p, 147 — 148°, Further confirmation for structure 
Il for the substance with m.p, 230 — 232° was found in the facts that the methy! and ethyl esters obtained from 
it had m.p, 171.5 and 161 — 162°, which correspond exactly with literature data (11, 13) and differ sharply from 
the constants of the esters of 4-acetylamino-2-thiophenecarboxylic acid we obtained (135 —136° and 116 —117°), 
A very significant result is the fact that hydrogenol ysis of the acetylamino acid I1(m.p, 230 — 23%) and subse- 
quent heating of the product with hydrochloric acid gave the hydrochloride of 8 -aminovaleric acid, from which 
we obtained 6 -benzoylaminovaleric acid, 


In the light of these data, we were doubtful sins the reliability of the usenaaies data of Campaigne 

and Archer [§) (see above). The actual possibility of oxidizing aldehyde IV to acid II with Fehling’s solution 
seemed improbable since there is a report in the literature [14] that aromatic aldehydes are not oxidized by this 
reagent, Nonetheless, we considered it necessary to attempt to carry out Campaigne and Archer's experiment, 
When aldehyde IV was kept with Fehling’s solution, a precipitate of cuprous oxide actually appeared, When the 
precipitate had been removed, the filtrate was made acid with hydrochloric acid.* This precipitated a substance 
with m.p, 273 — 274° (corr.), which had a neutralization equivalent (n.e.) of 188, In its properties it was almost . 
identical with the oxidation procact described by Campaigne and Archer (m.p, 271 — 272°, n¢. 182) and similar 
in ne. value to acetylamino acid I (me 185), However, this substance did not contain N or S and, as was found 

- later, was acid potassium tartrate (m,p. 273 —274°, n.e. 188.2), One gets the impression that due to an unusual 
coincidence of circumstances (agreement of melting points and es dcpintsd of n. e), Campaigne and Archer accepted 
this acid salt as the acetylamino acid. ¢ 


Our attempts to oxidize aldehyde IV to acid II with silver oxide and also KMnO, in ——— were unsuc- 
cessful: in both cases an uncrystallizable, colored substance was obtained, 


EX PERIMENTAL 


5- Acetylamino-2-thiophenecarboxylic acid IL_ To a stirred solution of 7.0 g of nitro acid I1(m.p, 157 - 

- 158°, obtained from 2-iodothiophene [13)) in 175 ml of acetic anhydride, heated to 40°, was added about 30 g 
of freshly prepared Nip. The temperature then rose to 85°, The mixture was cooled to 60° and stirred for a fur- 
ther 1.5 hours at 65 — 70°, The warm solution was filtered free from Ni and the precipitate washed with hot _ 
acetic anhydride and acetone, The combined filtrates were evaporated to dryness in vacuum, the residue dis- 
solved in dilute alkali and the solution filtered and acidified with hydrochloric acid, The precipitated crystals 
were collected, washed with water and dried, The weight was 4.6 g (61.3% yield), After recrystallization from 
water, the substance had m.p, 230 —232° (decomp.).* * © 


The average yield (from 6 experiments) was 47% of theoretical, 


Found %: C 45.63; 45.46; H 4.01; 3.85; N 7.27; 7.22; S 17.32; 17.34, CithOwNS, Calenlated %:; C 45,39; 
H 3,81; N 7.56; $ 17.31. 


An attempt to obtain the hydrochloride of 5: amino-2-thiophenecarboxylic acid by arene of the paren 
amino group by heating II with hydrochloric acid was unsuccessful; an attempt to hydrolyze the acetylamino acid 
_by heating with barium hydroxide solution was also without result, ‘ 


Methyl ester of acetylamino acid IL To a suspension of 3,0 g of acetylamino acid II in 100 mi of ether 
was gradually added an ether solution of 2.3 g of diazomethane, The evolution of nitrogen proceeded slowly, 
The mixture was left overnight, The solvent was removed, The residue was 3,3 g of a substance with m.p, 
165 168°, After recrystallization from dilute alcohol, the substance had m,p, 171 5° (corr.). Titera- 
ture data {11} 172°, 


*No mention is made of acidification in the work of Campaigne and Archer, but without this operation it - 
would be impossible to precipitate the acetylamino acid from a solution with an alkaline reaction to phenol 
phthalein, 


* *Elementary analysis data for the substance with m.p. 212 — 273° is not given in paper [8). 
¢ °*The m.p, depended on the heating rate, 
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Found %: C 47,92; 48, 13; H 4,63; 4,56; N 7.02; 7.07; $15, 93; 15.76, Cateutated 48.20% 
H 4,55; N 7,03; S$ 16,10, 


The ethyl ester of acetylamino acid II was obtained by the action of a solution of diazoethane on acenyl- 
amino acid I; after recrystallization from dilute alcohol, the capaoamess had m,p, 161 ~ 162 haope Literanure 
data (13): m.p, 160 = 162°, 


Found %: C 50,57; 50,68; H 5.10; 5, 08; N 6, 15; 6.62; s 14,87; CoHtyO,NS. ee C 5069; 
H 5,20; N 6.57; S$ 15,04, 


Hydrogenolysis of acetylamino acid IL To a stirred solution of 3.15 g of in 100 ml of water and 30 mil 
of concentrated ammonia solution at 60° was added about 18 g of Nip, stored under water, Stirring at 65— 70° 
was continued for 3 hours, The Ni was removed by filtration and washed with warm water, The filtrates wene 
evaporated in vacuum, The residue (2.6 g) crystallized on standing and had m,p, 72 = 73°, The substance aih- 
tained was dissolved in 50 ml of dilute (1 : 1) HCl, the solution boiled for 3 hours and the HCl then removed) iin 
vacuum, After repzecipitation with ether from an {isopropyl alcoho! solution, the hydrochloride formed had m.p, 
85 - 87°, Literature data [15] for the hydrochloride of §-aminovaleric acid: m.p. 84 — 86°, The hydrochloride 
was treated with benzcyl chloride in the presence of NaOH and NaHCO, to give §-benzoylaminovaleric acid! 
with m.p, 103 — 106°, Literature data 016): m.p. 106 — 107°, 


Found %: C 65.19; 65,03; H 6.98; 6.91. CysHysO3N. Calculated %; C 65,14; H 6,83, 


Decarboxylation of acctylamino acid IL 1.0 g of II was melted at normal pressure in an apparatus for wacu- 
um sublimation (bath temperature 23C*) and the melt kept for 5 minutes at the m,p. and then sublimed at a hath — 
temperature of 125 ~130° and a pressure of 4mm, We obtained 0.6 g (80% yield) of 2-acetylaminothiopheme 
with m,p, 158.5 — 159.5° (corr.), After recrystallization from CHCls, the substance had m.p, 160 ~160,5° (carr.). 
A mixture of this substance with a sample of ne (m.p. 161 - 162°), ater by a knowm 
method [17], melted at the same temperature. 


Found %; C 51.07; 50.95; H 5.63; 4.98; N 9,72; 9.69; 22,78; 22,71, Caleulated te 51.04 
H 5,00; N9.9%; S 22,71, 


4-Acetylamino-2-thiophenecarboxylic acid, By reductive acetylation of 9.0 g of aetna: 
carboxylic acid [18] at 65 — 70° with a stiming time of 14 hours, we obtained 0,96 g (10% yleld) of 4-acetyl- 
amino-2-thiophenecarboxylic acid, which had m,p, 273 —274° (decomp.) after si orien from dilute ail- 
cohol (with charcoal), Literature data [7]: m.p. 272 —273°, 


Found %: C 45,17; 45,37; H 3.74; 3,96; N 7.12; 7,25; $ 17.00; 17.19, CiHONS. Calculated %: 45.99; 
H 3,81; N7.56; $17.31, 


The methyl ester of é-seetjlaroiae-9bdiyhenseeienyiie acid was obtained by the action of diazome:thane- 
on 4-acetylamino-2-thlophenecarboxylic acid, The m. P. was 135 = 136° (corr.), after recrystallization of tthe 
substance from water, 


Found %: C 48,22; 47.98; H 4.58; 4,56; 15,86; 15,90, Calculated C 48,22; H 4,55; 
16.10, 


The ethyl ester of 4-acetylamino-2-thiophenecarboxylic acid was obtained by the action of diazoethaine | 
on the acetylamino acid; the m.p, was 116 = 117° (from water and from a mixture ef n-hexane and benzene). 


Found C 50,66; 50.71; H 5.27; 5,24; $ 14,97; 14,92, CyHyO,NS. Calculated C 50,69; H 5.20; 
$ 15,04, 
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STUDY OF THE ELECTROCHEMICAL CONDENSATION OF THE 
MONO-2-ETHYLHEX YL ESTER OF ADIPIC 


A. I, Kamneva, M. Ya. Fioshin, A, I. ‘Efimenkova, 
Yu. B, Vasil’ev and L. A. Muzychenko 


D. L Mendeleev Chemicotechnological Institute, Moscow 
(Presented by Academic! « A, N. Frumkin February 21, 1959) 


The electrochemical condensation of monoesters of dicarboxylic acids is of considerable practical and 
theoretical interest in connection with the increasing demand for high-molecular dicarboxylic acids and their — 
esters, This process proceed: at the anode in the electrolysis of a solution of the monoester salt in nonaqueous 
or aqueous electrolytes [1]. In the present work a method was obtained for the first time for the electrosynthesis 
of the di-2-ethylhexyl ester of sebacic acid, which can be used as the i component of high-grade lubricating — 


materials [2]. 


The nonaqueous electrolytes used previously for the preparation of dimethyl sebacate [3, 4] are incon vient 
for practical use of electrochemical condensation due to the difficulty of isolating the diester from the electrolyte,. 
In addition, as we were able to establish, methanol or ethanol cannot be used as the reaction medium for the 
preparation of di-2-ethylhexyl sebacate due to a transesterificationreaction. In thiscase the electrolysis products 
are mixed diesters, Previously: published data on the use of aqueous electrolytes for the preparation of diethyl 
sebacate give a low yield of electrosynthesis products (1). : 


In this investigation, the electrosynthesis of di-2-ethylhexyl sebacate was accomplished in an aqueous so- 
lution of the ‘ollowing composition: 300 400 g/liter of mono-2-ethylhexyl adipate, 30 -- 50 g/liter K,COs 
and 600 — 700 ml of water. The anode and cathode were platinum. No diaphragm was used, The electrolyte 
temperature was 20 ~ 30°, The current density at the anode was varied over a wide range from 10 to 60amp/dm? 
and it was shown that over this range the yield of the main product, di-2-ethylhexyl sebacate, did not change | 
and that the current density only affected the ratio of the electrolysis side products, For complete treatment of 
the monoester in the solution, it was necessary to pass 1,3 times the theoretical amount of electricity, The yield 
of di-2-ethylhexyl sebacate was 55% of theoretical, : 


A peculiarity of the electrolysis of mono-2-ethylhexyl adipate is strong foam formation, sacdieny to loss of 
electrolyte, To eliminate foam formation we used the method of isolating extraction, Diethyl ether was used 
as the extractant and a layer of this above the electrolyte extracted the neutral electrolysis products, 


The following processes may occur at the anode in the electrolysis of an aqueous solution of the adipic — 


ROOC (CH,),COO~ — e + ROOC (CH;),COO’, (2) 


where Ris CH3CH(C,H,) CH, (CH;); 


The radical ROOC (CH;), COO is probably converted inte a more energetically stable state by the elimi- 
nation of CO; 
ROOC (CHz)4COO* ROOC(Cii:), + COs, (3) 


' 


At very high anode potentials, attained at a platimi clectrode at considcrable current demsities, there occurs 
over-excitation of the radical RODE (CH,)g as a result of which the followiny iaction is prossible: 


ROOC(CH), + (CH: 4+ ROOC 
It is possible that in certain cases, reaction (5) Si be a source of biradicals, 
ROOC (CH) + OMads ROOC(CH,),CH™ + H,0. ) 
All the eoeneillai detected and identified in the present work are the products of taeceactione eine the 


tadicals formed in reactions 1, 3, 4 and 5, 


The fraction boiling in the range 90 — 220'/ 2mm, in addition to 2-ethylhexyl valerate. formed by reaction 
4, contained the 2-ethylhexyl esters of the monobasic acids, a Ste and pentenocitz, formed respectively 
in the reactions ; 


ROOC(CH;), + OH ads 7 ROOC (CH,).0H, 
ROOC(CH;)sCH™ ROOC (CH;),CH = CHs. 


The medium fractions, oe in the er 250 — 260°/ 2mm Hg, contained di-2-ethylhtexyl sebacate, formed 
by reaction (8): 


and also di-2-ethylhexyl 4-octene-1, 8-dicarboxylate 
2ROOC (CHs)3CH™ ROOC (CH3):CH = 


In the vacuum distillation residue (above 260°/ 2mm Hg) was detected a compound formed as a ones of 2 re- 
action in which all three radical pen: 


(CH;)COOR. 
2ROOC (CHa), + “CH (CH;)xCOOR ROOC 


A mixture of the ti-2-ethylhexyl ester of 5-propyl- -5*** -carboxynonane-1, 9-dicatboxyliic acid obtained with 
di- -2-ethylhexyl sebacate should improve its viscosity characteristics and thermooxidatiwe stability. 


It is characteristic that we could not detect among the electrolysis products compawnds which could have 
been formed by interaction of the radicals OH, 4g, and ROOC (CH,),COO, i.e., H,O, RCIIC (CH,), COOOH and 
ROOC (CH,), COO ~ OOC (CH,), COOR. From this it follows that the hydrogen peroxide theory of Kolbe"s elec- 
trosynthesis, recently developed by Glasstone [5], is not justified in this case, Similar cwnclusions were drawn 
on the basis of the electron-radical theory by Sugino [6] with regard to the scheme of Kailbe's electrosyntnesis, 


However, while there is some similarity to Kolbe’s electrosynthesis, the electroche:mical condensation of 
monoesters of dicarboxylic acids is a more complicated process and one cannot completely extend to it the same 
niles that were established for the simplest case of the electrolysis of monobasic carboxyilic acids, 
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A NEW ORDER OF POLYMORPHIC CONVERSIONS OF Na, BeF, 


Corresponding Member of the Acad. Sci. USSR A, Vv. 
Novoselova, Yu. V. Orlova, Yu. P. Simanov and - 
L. M. Kovba® 


M, V. Lomonosov Moscow State University 


_ Sodium fluoroberyllate (Na,BeF,) was first obtained by Marignac (1) from aqueous solution. He observed 
two crystalline forms of Na,;BeF, which sometimes crystallized from solution together. The crystals of one form 
were found to be rhombic bipyramidal and of the the other form, monoclinic -prismatic. 


The rhombic modification of Na,BeF, was investigated by x-ray methods by G. S. Zhdanov and N, G, Se- 
vast’ yanov [2] and then by O'Daniel andTscheischwili [3]. The authors of paper [3] found that the rhombic modi- 


fication of Na,BeF, belongs to the same structural type as silicates of the olivine group Ca,SiO, ee Ca- - 
MgSiO,, etc, 


In the work of Thilo [4, 5, 6] and then Roy and Osborn (7) and Toropov [8] it was established un all the 
polymorphic forms of Na,BeF,, formed by heating the rhombic modification of Na,BeF, and {solated from the _ 
melt, were also structural analogs of the Ca,SiO, modification. Together with the rhombic modificatton, evap- 
oration of an aqueous solution of Na,BeF, frecuently deposited crystals in the form of small needles, 


X-+ray pictures of the powdered needles crystals and of the rhombic ones were identical and evidently as __ 
a result, in papers [6] and [8] the needle-like crystals were taken as a y-modification of Na,BeF, and in addi- 
tion, as we had shown, the period along the axis of the needles is very close to one of the eae of the 
y-modification, 


In the present work we made thermographic and x-ray investigations of the needle-like crystals of Na,- 
-BeF, obtained from aqueous solution, and found that they were a new and independent modification of Na- 
~BeF, to which we will subsequently refer as §-Nz,BeFy : 


Investigation of §-Na,BeFy. Needle-like crystals of Na,BeF, were obtained by evaporating a solution of 
Na,BeF,, to which 2 — 3 drops of 40% hydrofluoric acid had been added per 50 ml of solution, in a platinum 
dish in a desiccator over sulfuric acid, Sometimes, together with the needle form, crystallization of the thombic: 
y-form of Na,BeF, also was observed, 


The needle crystals were separated from the rhombic ones with a platinum wire under a microscope, trans- 
ferred to a filter paper and dried for several days in a desiccator over sulfuric acid, 


Found %: Na 35,07; 35.01 Be 6.67, Na,BeFy, Calculated %; Na 35,09; Be 6,86 


The sodium content was determined through sodium zinc uranyl acetate (9) and the beryitiuen in the form 
of BeO [10), 


The specific gravity of §-Na,BeF, epee in xylene, was found to be di* = 2.4064 0,002, The specif- 
fc gravity of the rhombic form of Na,BeF, di’ = 2,455 (2). 


* The x-ray investigation were carried out by Yu, P, Simanov and L, M, Kovba, 
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The heating thermograsn sional in Fig. rd shows that when y-Na,BeF, is investigated, conversions occur 
at the temperatures: 


@ -Na,BeF, —- a-Nae,BeF, melt. 


Fig, 3 illustrates the heating Snemges ef the &- — of Na,BeFy In the case the conversions occur at 


‘This series evidently corresponds to monotropic conversions since there are no thermal effects on cooling ther- 
mograms of preparations heated to 560° and thermograms of repeated heating show only the effect of fusion of 
_ Na,BeFy, Sometimes an effect was detected at 500* during a second heating. The melting point of ‘Na,BeF, depends on the 


i 


Fig. 1, X-ray pictures of 6 -Na,BeF, at various temperatures 


Fig. 2, Heating of Fig, 3. Thermogram of 5-Na,BeFy 
BeFy 


* For the polymorphic forms of Na,BeF, Thilo [4] introduced designations analogous to the designations of the 
polymorphic forms of Ca,SiOq, 
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TABLE 1 


Comparison of Results of of Conversions of § -Na,BeF, with Conversions 
of y-Na,BeF, 


xposure [Exposure osure | 

itempera- tempera- tempera- y “phase | 6 -phase | a-phase | a’ -phase 
Pear [ture 410° 470° frure 510° 


6 


5,14 


9} 4,45 
4,26 


4,52 


3,91 6 
3,62 8 | 3,67 
5 5 


3,354 


3,074 


1,842 


1,672 
4 | 1,048] 2B | |28 | 1,64] 6 | 1,031 
2 | 15594 21475481 9 | 4,596) 


Footnotes, 1, The coincidence of some of the lines of the ¢-phase with the lines of a-Na,~ - 
BeF, is accidental as follows from the capacity of the ¢-phase for tempering, 2 For the 

value of d for the comparison phases, y, @ and a’, we took the average values of measure- 
ments from papers [4, 5, 6 and 8] and our own, The relative intensities are taken from our 
own photographs with a Cu anode, The values of d and I/Iy for the 8-phase were taken from 
the work of N, A, Toropov [8]. B = Broad, 


: 6 | 4,86 5| 
8 | 4,16 10 | 4,44 
7 | 4,02 
5 
8| 
2 | 3,261 
6 | 3,035] 7 | 3,035 
5 | 2,987 
8 | 2,886 10] 2,915] 
6 | 2,860 
8 | 2,854] 6 | 2,812 ; 
2,764 | 9} 2,88 
5 | 2,700) 5 8 | 2,69 10 | 2,74 
9 | 2,680 2,684] 9 | 2,650 9 | 2,668 . Hore 
5 | 2,610] 6 | 2,001 : 
6 | 2,531 -| 5] 2,525 
5 | 2,443 10 | 2,440 
6 | 2,430} 
10 | 2,368 10 | 2,365] 70 | 2,37 
5 | 2,316 
6 | 2,294 60B | 2,30 30 | 2,26 / 
8 | 2,244 10 | 2,198] 9 | 2,216 ee 
9 | 2,208 10 | 2,189 . 
2 | 4,174 
5 | 2,448] 5 | 2,157 6 | 2,164 1400) 2,44 | | 2,166 
7 | 2,095 3B | 2,085 40 | 2,08 
4 | 2,040 8] 2,033 
8 | 2,004 2] 1,973] 5 | 4,966 140 | 1,95 
6 | 1,950] 5 | 4,959 
Ss 5 | 1,919! 5 | 41,943 9 | 1,943 
7 | 41,844 5 | 1,818|10 | 9 | 1,920 
40 | 1,809; 7 | 1,808 
6 | 1,765 
2B | 4,76 
3B | 4,744 6 | 1,749] 9 
4p] 4,745 : 
5 | 4,703 7 | 1,694 
6 | 1,683 : 
- $41 


modification taken for the Investigation, If the y-modification was taken as the starting material, fusion hegan 
at 600 ~ 610° and this temperature corresponds to equilibrium of a-Na,BeF, with the melt, while when 5 +Na,- ? 
BeF, was heated, fusion occurred at about 580°, On some thermograms the fusion effect was diffuse, apparently 
due to the fact that the substance melted over a temperature range, We determined the solubility of the rhombic 
- and needle-like form of Na,BeF, previously [11], At first we assumed that the needle-like form of Na,BcF,, iso- 
lated from solution together with the rhombic form, was the monoclinic modification described by Marignac [1), 
The solubility of the needle-like crystals of Na,BeF, (5-Na,BeF, at 20° equalled 1,7 g per 100 g of solution, The 
solubility of y -Na,Be, was 1,37 g per 100 g of solution, When crystals of the rhombic form, y-Na,BeF,, were 
introduced into a solution saturated with respect to the needle-like form of Na,BeF,(5), the solubility at first 


gradually fell and an increase in the amount of rhombic crysta!s in the solid phase was observed, This indicates 
that §-Na,BeF, is a metastable modification, - : 


X-ray investigation of a series of conversions of 6-Na,BeF, By stow evaporation of a solution of Na,BeF,  . 
it was possible to obtain comparatively large- needle-like crystals of the B-modification of Na,BeFy, This made 
it possible for us to take x-ray rotation pictures of monocrystals of §-Na,BeF, in a RKU-86 camera on a BSV 
tube with ge * samc and to determine by indexing the equatorial reflections of the axial parameter a of the 
hexagonal latti¢é, which was found to equal 8,297 0,003 kX, From a rocking x-ray picture on a RKOP camera 
_ with subsequent refinement according to a powder photograph) we obtained c = 4.85 + 0,01 kX, The number of 
formula units in the elementary cell, z = 3,_ at 


Due to the imperfections of the monocrystals we had available, we were unable to determine the difirac- 
tion class, No systematic extinctions were noted. 


We carried out x-ray investigations of preparations at elevated temperatures in a Lipson and Wilson camera 
(from the firm *Unicam") 12). The preparations were placed in thin-walled pyrex capillaries, Fine crystals of 
the § -phase, selected under a microscope, were introduced into capillaries without preliminary grinding. The 
x-ray pictures were takne using a BSV tube with a Cu anode at 30 — 35 kv, 


X-ray pictures were obtained at the following temperatures: 


1) 20° (initial preparation of §-Na,BeF,), 2) 360° (up to 1st effect), 3) 410° (after 1st effect), 4) 470° (be- 
tween 2nd and 3rd effects), 5) 510° (between 3rd and 4th effects), ; f 


These pictures are reproduced in Fig. 1. 


After each photograph at an elevated temperature, a picture was taken of the same preparation at 20°, A 
comparison of all the x-ray pictures, "hot" and “cold”, confirmed the presence of phase conversions, noted on 
the heating thermograms of the §-phase,* and their irreversibility. The x-ray pictures taken 1) at temperatures. 
lying close to the corresponding thermal effects and 2) after cooling to t = 20° differed only in a certain shift of 
the lines, in all probability occurring as a resultof anisotropic thermal broadening, 


A comparison of the interplanar distances of the high-temperature phases with available literature data for 
the y, a’, & ard B* * modifications of Na,BeF, indicate that the §-phase may be considered as the initial one 
for the series of polymorphic varieties it forms and which do not coincide with the similar ones for the y-Na,BeF4 
series (see Table 1). It is interesting to note that the series of conversions we investigated do not show a similarity 
to conversions of Ca,SiOg 
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SOLUBILITY OF THE SYSTEM Na, Mg fl Cl, HCO, — H,O 


A. M. Ponizovskii and N, M. Vladimirova 
Institute of Mineral Resources Academy of Sciences Ukrainian SSR,Simfezopol 
(Presented by Academician L L Chernyaev November 24, 1958) 


Data on solubilities in the system Na, Mg Ia, HCO, — H,O are extremely limited fi. 2). 


We studied the system at a temperature of ~0° and Pcg = 4 atm, The work was carried out in a “vinf- 


plast” autoclave. Into the bottom of the autoclave was sealed a porous glass plate (from a Schott No, 4 filter) and _ 


a needle valve, by means of which it was possible to separate the liquid phase and take off samples for analysis. 
In the lid of the autoclave were set two tubes: one of them, which was sealed with a stopper, was used for load- 
ing reagents and passing carbon dioxide to flush air from the autoclave before an experiment and the other was 
for the input of carbon dioxide from a tank, The lid was also fitted with a thermometer pocket (a thermometer 
with 0,5° graduations was used for the experiments). The pressure was measured with a manometer on a reducing 
valve, - 


TABLE 1 3 
Data on the Solubility of Na, Mg Il Cl, HCO, — H,0 at Fog, = 4atmos and ~ 0, 


Composition of soludons, weight@dJaenicke index 


+ Solid phases 


Mg 
H 


te 
= 


HCO, 


NaHCO,+NaCl 
NaHCO,+NaCl 


NaCl 


MgCO,-SH,O 
a 
MeCO, SH,0 


- 


SSS°RSESS 


23) 


998;9 


Bz 


During the investigation, the autoclave was placed in a refrigerator of the * Dnepr™ type, where the mixture 
was agitated by means of a shaker. The temperature in the refrigerator was kept constant with an accuracy of 
+ 0,2°, 

As starting materials we used pure-grade magnesium chloride, analytical-grsde sodium chloride and pure- 
grade basic magnesium carbonate, The liquid phase was analyzed for the content of magnesium, chlorine and 
bicarbonate fons, The amount of sodium was calculated by difference, The solid phase was analyzed micro- 
scopically, The system reached equilibrium after two to three days, That equilibrium had been reached was 
checked by agreement of analysis data on the liquid phase after one day, 


Solubility data on the system, expressed in weight percents and by Jaeneckc's method, are presented in 
Table 1 and in Figs. 1 and 2, The equilibrium diagram of the Na, Mg I] Cl, HCO, — H,O system contains four 


| 
} 
Sc 
c 
1811,7 
1772.8 
1948,4 | NaHCO, 
24,4 | NaHCO, 
| 1755.1 | NaliCo, 
7250,8 | NaHCO, 
6719,2 | NaHCO, 
6270,8 | NaHCO,+MgCO,-5HO 
1785,6 | NaHCO,+MgCO,-5H,O+NaCl 
| 995,9 | NaCl4+-MgCl,-6H,O 
1818.5 | NaCl 
| 1: 
4 345 


NaHCO, nace NaHCO, : 
4 
la 
4 
8 MgCl, 5000 7000 3000 
2 


Fig. 2 The quaternary system Na, Mg Il Cl, HCO, — H,0 at Poo, = 4 atmos and a 
temperature of ~0°; 1) lines corresponding to crystallization of one phase; 2) lines 
corresponding to crystallization of two phases, 


Fig. 1, Ternary system salt crystallization fields, namely those of sodium bicarbonate, magnesium carbonate 

_ NaCl = NaHCO, -H,O _pentahydrate, sodium chloride and magnesium chloride hexahydrate (Fig. 2). It is ex- 
at Pog, = 4 atm. anda tremely important that a considerable part (more than 50%) of the area of the diagram 
temperature of ~0°, is occupied by the sodium bicarbonate field, In the given system, as in the NaCl — 

- NaHCO,— H,O ternary system ~>rming part of it, which we studied, sodium bicar- 

bonate is expelled from solutions by sodium chloride (Figs. 1 and 2). 


With an increase in P.g,, the sodium bicarbonate field increases considerably at the expense of the mag- 
nesium carbonate field, Here the sodium and magnesium chloride fields remain practically unchanged, 


In addition to theoretical interest, the results of investigating the Na, Mg fl Cl, HCO,;— H,O system also 
have practical value: they serve as a physicochemical basis for developing a method of preparing sodium bicar- 
bonate through magnesium bicarbonate. Such a method could also be used for the production of potash, 
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SYNTHESIS OF DERIVATIVES OF 1, 6-DIOXASPIRO (4, 4)-NONENE-3 
BY ELECTROLYTIC ALKOXYLATION OF y-FURYLALKANOLS 


A. A. Ponomarev and I. A, Markushina 


G, Chernyshevskii State University,Saratov 


_ (Presented by Academician A, A, Balandin January 17, 1959) 


The synthesis of spiranes of the 1, 6-dioxaspiro-(4, 4)-nonane group has been accomplished by several 
methods, They were first obtained starting from butyrolactone, valerolactone, caprolactone and diallylacetone 
fl, 2, 3). In 1934 B.<dick and Adkins stated that 1, 6-dioxaspiro-(4, 4)-nonane was formed in the hydrogena- 
tion of furylacrolein (4). These were formed in better yield by the of 
6, 8). 


The mechanism of this reaction fs considered in a series of articles 6, 7). 


The present communication is concerned with the formation of oe systems of a ee type by the — 
electrolytic alt:oxylation of y~furylalkanols, 


The electrolytic alkoxylation of furanoid substances was discovered in 1952 wc Clauson-Kaas B). 


The essencé of the method fs electrolysis ata temperature below 0° of a solution of the furan compound 
in an appropriate alcohol with a small amount of ammonium bromide added as is electrolyte, The electrolyzer 
consisted of a nickel cathode and a platinum anode, oe ; 


The reaction mechanism was not established conclusively. 


We substantially improved the construction of the electrolyzer sugsested by Chansen-ies and this made 
the apparatus and the method more convenient for practical use, The improvement consisted first of all of re- 
placing the platinum anode by one of carton, 


Experiment showed that alkoxylation of furanoid substances in such a modernized apparatus gave a yield 
of dialkoxydihydrofuranoid compounds, which in was not less than in with a anode, 
as is apparent from Table 1, 


It may be recalled that in the same apparatus we were able for the first time to wichhouylase acetates of 
1-(a-furyl)-propanol-3, 1-(a-furyl)-butanol-3 and and also 1-(a-furyl)-butanone-3 
and 1-(a-furyl)-methylpentane, 


In undertaking experiments on the electrolysis of solutions of y-furylalkanols, we started from the hypothesis 
that due to the spatial proximity of the hydroxyl group in the side chain to the furan ring, with such alcohols to- 
gether with the normal process of intermolecular alkoxylation, there would occur an intramolecular reaction, ac- 


companied by cyclization. 


CHy, Cty 
tespectively,H,H, H OF CH, 


‘ 
‘ 

347 


TABLE 1 This hypothesis was confirmed completely by experiment, 


It was found that electrolysis of 1-(a-furyl)-propanol-3, 1-(a- 
and also the tertiary alcohol 1-(a- 
~furyl)-3-methylpentanol-3 in methy! alcohol solution led to the 
Starting if aero in our formation of the corresponding 2-methoxy-1, 6-dioxaspiro-(4, 
compound | pettinents | ¢*Pefiments 
——— 4)-nonene-3 as the main reaction product. The yields varied 
of from 53 to 76% of theoretical, which is considerably higher than 
ent 


tart 
rent at at in all cases of the formation of 1, 6-dioxaspiro-(4, 4)-nonane and 
iF uran its homologs in the hydrogenation of the corresponding furane 
zSylya a | 69 | 85,9 | 71,6 _ cohols, Data on the properties and the analysis of the four deriva- 
F futle 86 87 | 81,5 | 83,3 ' tives of 1, 6-dioxaspiro-(4, 4)-nonene-3 thus obtained are presented 


in Table 2 The structure of these compounds was confirmed experi- 
mentally by the einai as well as by the data presented in 
Table 2. 


Hydrogenation of 2-methoxy- 1, 6-dioxaspiro-(4, 4)-nonenes snd mild conditions (at room temperature, 
under pressure and in the presence of Raney nickel) led to the formation of 2-methoxy-1, 6- arise tosis 4)- 
-nonane derivatives, whose properties and analysis are presented in Table 3, 


Hydrogenation of 2-methoxy-1, 6-dioxaspiro-(4, 4)-nonenes under more drastic conditions (under a pres- 


_ Sure of 100 — 120 atmos at 100 — 120° in the presence of nickel on kieselguhr) produced not only hydrogenation 


of the double bond, but also elimination of the methoxyl group, This gave the previously known, 1, 6-dioxaspiro- 


4j-nonane and its homologs. 


All these conversions, which completely confirm the structure eee ae for 2-methoxy-1, 6-dioxaspiro- 
~(4, 4)-nonenes, are illustrated by the following scheme: 


EXPERIMENTAL * 


-1+(a-Furyl)- -3 and 1-(a-furyl)-3-methylpentanol-3 were synthesized 
described previously [8, 11}, 
1-(a-Furyl)-5-methylhexanol-3 was obtained by hydrogenation of furfurylidenemethyl isobutyl ketone in 


the presence of a copper-chromium catalyst at a temperature of 120° and a pressure of 100 atmos. The yield was 
19 — 80% of theoretical. B.p. 116 — 117°(7 mm), ny 0.96.19, MRpy found: 52.85, calculated: 53,032, 


Found %: C 72,93; 72,53; H 10,27; 10,25; OH 9,39; 9,35. CyHyO, Calculated % C 72.49; 


~H9.96; OH 9.32, 


The experimental conditions adopted for the alkoxylation and er are illustrated by the follow= 
ing examples, 

Synthesis of 2-methoxy-7-methyl-1, G-dioxaspino~(4, 4)-nonene-3, 58 g of freshly distilled 1-(a-furyl)- 
~butanol-3 and 5 g of ammonium bromide were dissolved in 230 ml of methyl alcohol, The solution was poured 
into the electrolyzer, cooled to -12° and electrolyzed for 9 hours, 


At the end of the electrolysis, the solution was transferred to a flask and to it was added sodium methylate 
(1.2 g of sodium in 20 ml of methanol), The methanol and ammonia were removed; the sodium bromide preci- 
pitate was filtered off and washed several times with ether, After removal of the ether, the residue was fraction- 
ated on a vacuum column with an efficiency of 12 theoretical plates, 


* With the participation of L S. Monakhova. 
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Synthesis of 2-methoxy-7- -1, 6- -dlonasplto-(4, 4)-nonane, 40, 0 g of 2-methoxy-7-methyl-1, 6- 
-dioxaspiro-(4, 4)-acnene-3, 20 ml of absolute ethyl alcohol and 1,5 g of Raney nickel were placed in a rotating 
‘steel autoclave of 150 ml capacity, 


The initial hy drogen pressure was 100 — 120 atmos and the reaction was performed at room temperature, 
The hydrogenation was complete after the absorption of 3 liters of hydrogen. The catalyzate was removed from 
the autoclave, the catalyst removed by filtration and the solvent removed on a water bath, The residue was 
vacuum distilled. 


Synthesis of 2-methyl-1, 4)-nonane, 20 g of 6-dioxaspiro-(4, 

_ 4)-nonene was hydrogenated as described previously, but at a temperature uf 100 — 120° and an initial pressure - 
of 120 atmos — ml of absolute ethyl alcohol and 2 g of nickel on — The yield was 53 — 54% of 
theoreticai. 


The liquid had a peculiar terpene smell, B.p. 162 — 164°; 5 I = 1,4427, a = 0.9911, MR, found: 38,01, 
calculated: 38,03, 


Literature data [7): c.p. 162 — 164°, 1.4428, 0.9920. 


Under the given conditions, 2-methoxy-1, 6-dioxaspiro-(4, a 56% yield of 1, 6-diox- 
aspiro-(4, 4)-nonane, which was a liquid with b. p. 82 (60 mm), n >? 4489, dg 1.020, MRp found: 33,16, cal- 
culated: 33,41. 


The a agp obtained by hydrogenation of furylpropanol had the following constants: b.p. 81 — 82° (60 mm), 
1.4479, dj? 0,031, 


From 2-methoxy- 6-dioxaspiro-(4, 4)-nonene-3 we obtained a y yield of 
-2-ethyl-1, 6-dioxzspiro-(4, 4)-nonane, which was a liquid with b.p. 103 — 104° (45 mm), rf] 1.4446 d?’ 0. 9638 
MRp found: 46.92 calculated: 47. 26, 


_ Literature [8]: b.p. 102 — 104° (45 mm), nb 1.4443, 0 9614. 
Thus, for the first time it was established that under the conditions of electrolytic alkoxylation, primary, 
secondary and therciary y-furylalkanols undergo intramolecular cyclizztion with the formation of 2-alkoxy deriv- 
atives of 1, 6-dicxaspiro-(4, 4)-nonene-3 in good yields, The structure of the latter was proved not only by 
normal analytical methods, but by their conversion into alkoxy derivatives of 1, 6-dioxaspiro-(4, 4)-nonane and 
also into previously known 1, 6-dioxaspiro-(4, 4)-nonane and its Lomologs. , 
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CATALYTIC POLYCYCLIZATION OF HIGHER ALKANES 


Corresponding Member Acad. Sci, USSR N. I. Shutkin 
and N. G, Bekauri 


N. D, Zelinskii Institute of Organic of Sctences USSR 
P, G. Melikishvilf Institute of Chemistry Academy of Sciences Georgian SSR _ 


The catalytic dehydrocyclization of alkanes with chains of not less than six carbon atoms in the molecule, 
which was discovered simultaneously by a group of scientists [1 — 3], has mainly been studied in detail on the 
example of hydrocarbons of simple composition, giving benzene, toluene or xylene as the end product. However, 
on the basis of A, A, Balandin’s multiplet theory and the sextet model of dehydrogenation catalysis, it might be’ 
expected that the highcr normal alkanes, beginning with n-decane, should give condensed systems of naphthalene, 
phenanthrene and more complex polycycles, under conditions favoring dehydrocyclization, In fact we recently 
observed [4] the formation of naphthalene homologs in the conversions of normal tridecane and hexadecane in 

the presence of plat'nized alumina (0.5% Pt) at 425 — 450° under a pressure of hydrogen in a flow system. These 
conversions, together with other reactions, namely hydrogenolysis and isomerization of alkanes, apparently , 

| ceed by the scheme 


HC 
Hy cn, _ mOQ 
CH, CH, 


Under the experimental conditions the a-alkylnaphthalenes may be partially or completely isomerized {unto the 
B-form, However, we cannot exclude the possibility that the formation of the condensed system of naphthalene 
under the given conditions proceeds through the intermediate formation of a substituted benzene with subsequent 
ring closure of the side chain: 


, 
Hy 
Hy 


The ainda of such a hypothesis is based on the previous observation by one of us (5) that ting ¢ closure of the 
side chain occurs under analogous conditions with n-butylbenzene to give naphthalene: ae 


In the present work we investigated the conversions of n-heptadecane and n-octadecane in the presence of 
0.5% Pt, deposited on aluminum oxide and a natural aluminosilicate, gumbrine, and 0.5% Pd on the same carriers 


Al : 
a Alk HC 
: HC 
: H, aH 
“Hy, 
CH, CH, H CH 
‘ 
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at 450° under a hydrogen pressure of 30 atm, in a flow system (6). We {isolated the starting alkanes from the 
190 — 350° fraction of Sokolovogorsk and Mirzaant oils sich: after careful ne eee they had the Agia 
properties: 


b.p, 302 — 303° (750 ram), nd 4336 and 0.7781; 
n-CyyHyg d.p.. 316 — 317° (748 mm), 1.4358 and 0.7812, 


As a result of the experiments, we obtained 8 liquid catalyzates, which were examined in detail by the 
procedure described previously (4). The catalyzates were found to contain products of isomerization, hydro- 
cracking and dehydrocyctization of. the original alkanes, When the small head fractions boiling up to 100° had 
been separated from these catalyzates by distillation, the aromatic hydrocarbons were {isolated from the residual 
part of each catalyzate by chromatographic adsorption on ASM grade silica gel. The desorbed mixture of aro- 
matic hydrocarbons was then fractionated oa a column with an efficiency of 25 *.p. in a nitrogen atmosphere. Ac- 
cording to the constants and optical analysis data, the fractions boiling up to 150° contained toluene and xylenes, 
It was noted that the catalyzates obtained in conversions of the two alkanes over Pd- and Pt-Al,O; contained not 
more than 3.5% of toluene and xylenes, while the catalyzates obtained in experiments with Pd and Pt deposited 
oa gumbrine contained up to 9% of these hydrocarbons, The total content of aromatic hydrocarbons in catalytic 
experiments, carried out in the presence of Pd- and Pt-gumbrine, varied over the range 17 — 22 weight%, while 
in conversions of the two alkanes on Pd- and Pt-Al,Qy, their content was only 10,7 — 14,8, 


The aromatic hydrocarbons boiling above 150° had a blue-green fluorescence; they were chromatographed 
in petroleum ether solution on activated aluminum oxide in two glass columns, containing 200 ml each of fine 
grained Al,Q5. Their properties are presented in Table 1. By illumination with UV light with a wave length of 
360 my, it was found that the mixture of aromatic hydrocarbons (41.0 2), obtained in experiments with Pd- and 
Pt-Al,0,(column I), had separated into 5 zones, of which four luminesced with a color varying from pale violet 
to pale blue. A mixture of 76.9 g of aromatic hydrocarbons, obtained in experiments with Pt- and Pd-gumbrine 
(column Il), separated into six zones, of which five (II -- VI) had a sharply expressed luminescence; of these, _ 
zoae II luminesced with a yellow-green light, zone III with a pale blue, zone IV with blue, zone V violet and 
zone VI with a pale violet. 


TABLE 1 


Properties of Fractions Isolated by Chromatographic Adsorption on _— from Mixtures 
of Aromatic Hydrocarbons with b.p. above 150° 


Column! - Column II 


m.p. of b.p. at - m.p. of 
| picrate, 7133 mm, a picrate, 
Cc Cc 


Fraction 
(zone) No. 


Did not luminesce 292—293 41,0789] 1146—118 


4 
1 ,6185]1 ,0250] 112—113 | 7 275—280 1,0630) 184—186 
1 ,5910}0,9940) 103—105 | 8 268—269 1,0228) 109—112 
152 289/0,9055] 89—91 | 16 266—268 0 8786 98—100 
4908)0, ,8666]  — 26 253—260}1 487010, 8185 


The uv absorption spectra® of fraction Il, II and IV, isolated from column IL, were plotted in isooctane 
solution on an SF-4 spectrophotometer, As Fig. 1 shows, the spectrum of fraction II consists of several bands with 
maxima at 255, 320 and 336 my and an inflection at 480 — 300 my. The intensity of the first maximum ex- 
ceeded 60,000 units and the region at 305 — 340 my had ¢ = 5000 units, Since the spectre of fractions Il and 
Ill were very simiar to each other and almost coincided, spectral data for fractions II and IV only are presented 
in Fig. 1. 


* The optical analysis was carried out by Yu. P, Egorov and the authors would like to thank him, 


i 

: 
amt lb.p. at 
731 mm, 
: 
3,8 | 290—295 
10,1 | 289-290 
41,2 | 273-275 
9,2 | 266—268 
t 
4 
> 
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Comrarison of the spectra of various polycyclic 
aromatic Hwirocarbons showed that the spectrum of 
fraction I) Fig, 1, 1) was most similar to the spectrum 
of phenantizene and its homologs (Fig. 1, 3). Differ- _ 
ences only speared in the wavelength region of 305 ~ 
- 340 my, *here the values of the intensity in our spec- - 
trum were tigh, It might be surmised that the reason 

for the disczpancy was the presence of a small amount 
of chrysene, whose spectrum is very similar to that of 
phenanthrese, but more intense than it, 


The sectrum of fraction IV (Fig, 1, 2) in the 

near and miiile ultraviciet had 275 my(e = 

2700 units) and 245 My. The character of this 
absorption curve is almost the same as that of a-methyl< 

Fig. 1. UV spectra of fractions II and IV in fso- naphthalene: (Fig, 1, 4), trough it does not coincide with 
* octane solution: 1) fraction II; 2) fraction IV; it. This difierence is matural, since we were dealing © 

3) phenanthrene and its closest homologs; 4) — with fraction consisting of mixtures of aromatic hy- 

a-methylnaphthalene drocarbons. 


Blenentary of fraction the follow= 
ing results: 


Found C 92,03; 92,30; H 7,90; 7.86 Cute Calculated C9267; H7.33 CyHy. 
Calculated %; C 92,25; H 7,75 


Thus, the optical properties and dines composition of fraction II indicat=d that it contained alkyl- 
phenanthrenes with Cs — Cy side chains, However, on the basis of tie data obtained it is as yet impossible to 
decide on the character and the position of these groups. It is probatie that fracticm 1, which possessed a sharply _- 
expressed yellow-green luminescence, was a mixture of a-propyl- ani n-butylpbeaanthrenes with a trace of chry- 
sene, Starting from the sextct model of the multiplet _—_ their immation ray te represented by the follow- 
ing scheme: 


Under the conditions we chose, the yield of fraction Il, which consisted of phenanthrene homologs, was 
about 3.5%, At the present time we are investigating the direct cauiytic synthesis of condensed aromatic sys~ 
tems by the polycylization of higher alkanes under concitions, whict make it possitie to obtain them in an in- 
dividual form in higher yields, 
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’ CATALYTIC DEHYDROGENATION OF ETHANOL GN GERMANIUM 


Acad, Sci. USSR S. Z. Roginskii 


Institute of Physical Chemistry Academy of Sciences 


We previously reported the capacity of germanium for asulyzing a series of reactions of the oxidative- 
~reductive class 1, 2). To understand the mechanism of semiemmductor catalysis, it was desirable to make a 
more detailed study of the kinetics of some of these reactions ensamples of Ge with various types of conductivity — 
and with a wide variation in the concentration of curress cartiem. In the present article we ~— the results 
obtained in the investigation of ethanol dehydrogenation, 


The kinetics of ethanol dehydrogenation were studied umier static, vacuum conditions in a quartz reactor 
attached to a vacuum apparatus, over powders with a specificam*ace of 0,05 — 0,1 m*/ g, prepared by grinding © 
mono- or polycrystalline samples in a mortar in air. The sample of Ge was om 8— Fa g. Before catalytic 
experiments, the Ge powders were aged at a 650° at — 10° mm Hg, 


The catalytic dehydrogenation was examined in 
the xamge 200 ~ 270° at an initial ethanol pressure of 
a few wns of millimeters of Hg, measured with a glass 
menizane manometer, The composition of the pro- 
duct: and the course of the reaction were determined 
mammnetrically with freezing out at -78, -134 and 
~196°_ or identification of hydrogen, diffusion through 
Pd wasused in addition, 


Imsuccessive décompositions of ethanol on Ge 
samples aged at 850°, a fall in rate was observed (Fig. 
1, 1 —4, which ceased after the fourth experiment, 
Anaya of the reaction products, obtained on an un- 
- stabiiied surface, showed that in addition to hydrogen 
and amtaldehyde, ethylene was present in the gas phase 
and tum the content of the latter fell from experiment 
to expaiiment (from 40% with respect to C,H, + CHs> 
CHO i the first experiment to 3 ~ 5% in the fourth; 
data ser to 60% decomposition of ethanol), In all 
_ experiments, the hydrogen pressure was equal to the 
total geessure of acetaldehyde and ethylene with an 
accusacg of 2— 3%, These observations indicate that 
due w te great affinity of a fresh Ge surface for oxy- 
gen, an oxygen atom {s atztracted from an ethanol molecule by the reaction 


S$ DED SOS brain 
Fig. 1, Kinetic curves of hydrogen evolution in suc- 
cessive experiments after aging at 850° (1 — 4) and 
after chemisorption of oxygen (5 — 8). 


CH,OH Hy + CH 4, 


mm Hg 
& 
7 
| 


Ge powder. 


TABLE 


The Logarithm of the Preexponential Factor and the Apparent Activa~ 
tion Energy of the Ceayee Dehydrogenatiom of Ethanol on Alloyed 
Samples of Ge, 


2 ; tage con-| tion « 

3 Additive jrent of. \catriess at | 18% kcal/mole 
tivity jadditive [20 “C perce 


1 Sb n ~10-* —H0's 9,8 27,2 
yg Sb n 0,02 5-10? 9,5 27,5 
3 Ga p ~i0-* - 6,5 18,7 
4 Ga P 0,005 §- 19017 5,9 17,8 
5° Ga 0,02 | 6,4 18,3 
6° |Sb, Ga (1:5) 0 024Ga) 8,6 235 
7 8,5 23,5 


Natural Ge | 1. p 


(the atomic state of the adsorbed oxygen is adopted provisionally’). When the Ge surface is filled with adsorbed 
oxygen, reaction (I)ceases and, beginning with the fourth experiment, only catalytic dehydrogenation occurs on the 


— Hs + 
a 

It seemed very interesting to determine the effect of covering the Ge surface completely with oxygen on 
the catalytic dehydrogenation of ethanol. With this purpose, ox:gen was chemisorbed after the fourth experi- 
ment and as a result of this, the surface was covered completely. Curves 5 — 8 in Fig. 1 refer to subsequent ex- 
periments and represent the kinetics of hydrogen evolution undex these conditions. In the first minutes after ad- 
mission of ethanol vapor into the reaction with oxidized Ge, deinydrogenation hardly occurs (first part of curve 5). 
The reaction then accelerates (curve 5). The pressure of CHsCHID, formed by the reaction on the oxidized sur- 
face, by far exceeded the hydrogen pressure, indicating that adscazbed oxygen had been removed: 


+ + <CHsCHO am 
with the portions of the surface freed from oxygen participating iin catalytic reaction (I). With several successive 
experiments on the oxidized surface (curves 5 — 8) a gradual increase in the activity was observed. Thus, in 
the case of the germanium—ethanol—adsorbed oxygen system a stationary activity of the surface in catalytic 
dehydrogenation may be approached both from the side of a dea»:ygenated surface and from the side of a sur- 
face completely covered with adsorbed oxygen. 


Using the information presented above on the behavior of =thanol on Ge, it was possible te determine re- 
producibly the kinetics of the catalytic dehydroger ation of ethamol at various temperatures, These data were 
obtained with a stationary Ge catalytic activity, reached by carrying out a series of successive experiments after 
aging. By lowering the aging temperature to 650° it was possibir= to obtain a stable activity even after the second 
experiment, This did not lead to a change in activation energy. The dehydrogenation was described satisfactorily 
by an equation of the first order with respect to ethanol, This order was apparent since the order determined from 
the Initial pressures is close to zero, The reason for the discrepaincy of the orders is apparently reversible poison- 
ing of the Ge surface by the acetaldehyde formed, Such effects are characteristic of semiconductor catalysis when 
the signs of the charges of the adsorbed molecules of the startinyy materials and the product are the same [3]. 


An investigation of the effect of the type of conductivity and the concentration of the current carriers on 
the catalytic properties was carried out on powders obtained by grinding samples of Ge alloyed with antimony 
ee or gallium (p-type). The samples, which contained srmall amounts of foreign bodies (of the order of 
0” per cc), were monocrystalline, Samples with high concentzrations of foreign bodies (of the order of 10" - 

- 10°" per cc) were prepared by fusing purer samples of Ge with. a definite amount of antimoay or gallium in 
quartz tubes in a krypton atmosphere. The concentration of fars:ign bodies introduced was checked by the electro- 
conductivity (these measurements were mace by Yu. N, Rufov).. samples obtained by fusion were polycrystalline 
and contained a considerable amount of foreign bodies which di:d not enter the crystal lattice, The type of 


356 
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conductivity was determined by thermal "nolse”.Table 1 gives the elec- 
tonic characteristics of alloyed Ge samples and also the logarithm of . 
the preexponential factor (ky) and the apparent activation energy (E) of © 
the catalytic. dehydrogenation of ethanol, The stars denote samples alloy= 
ed by fusion, 


For monocrystalline samples (1, 3) data on the additive content 
was obtained by calculation from the specific electroconductivity and 
for samples obtained by fusion (2*, 4%, 5*, 6%), from the weight of the 
additive, The concentrations of the main current carriers at 20° were 
obtained by calculation from the speeme electroconductivity of the sam- 
ples (the values 3000 and 500 cm?- v7! sec respectively, were taken 
for the mobility of the current carriers for monocrystalline and fused sam- 
ples). At the catalysis temperatures a considerable concentration of sec- 
Fig. 2, Temperature dependence of | ondary current carriers appeared in samples 1 and 3, which contained 
catalytic activity-of n- germanium small amounts of additives, as a result of thermal excitation of the lattice, 


and p-germaniumon the dehydro- Aging of sample 2* was accompanied by partial sublimation of antimony, 
genation of ethanol 


Figure 2 shows Arrhenius lines for catalytic dchy drogenation of 
ethanol over alloyed Ge samples, calculated for 1 m* of surface. Fig. 3 
shows a graph of the change in the apparent activation energy in relation to the concentration of the main current 
carriers in the volume of Ge, constructed from the data in Table 1, It is noticeable that a sharp increase in the 
activation energy occurs at the transition from hole to electron conductivity and this amounts to 8 = 9 kcal/mole, 
From the data in Table’l it follows that the preexponential factor changes symbasically with the activation energy, 
i.e., the action of the Sb and Ga additives had a modifying character, The whole change in activation energy at 


the conductivity-type transition was complete at low carrier concentrations, An increase in the carrier concentra- 


tion from 10% to 10° which gave a considerable displacement in the Fermi level in the volume of the Ge, had 
no effect on the value of the activation energy and, as follows from Fig. 2, did not lead to an increase in catalytic 
activity, Until recently it was thought that a change in the position of the Fermi level in the volume of a semi- 
conductor must have a strong effect on the catalytic activity [4, 5]. 


The introduction of considerabie amounts ts of onieicaney into Ge led 
to a sharp fall in the catalytic activity, From Fig, 2, it follows that sam- 


keal/ mole ple 2, which contained 0.02% Sb, had the lowest activity of the alloyed 
i wt, 2B samples studied, Increasing the Sb content to 0, 06% led to complete loss 
\ 25 of catalytic activity. | 
With sample which Sb and Ga in a ratio of 1: (cone 
‘ Ned sidering foreign bodies entering the crystal lattice) and possessed hole con- 
- ductivity, we found a higher activation energy than for hole samples con- ~ 
- taining only Ga, This indicated the possibility of selective accumulation 
Ma of Sb in the surface layer, 
a The results presented shed some light on the widely discussed pro- 


au” 6 


blem of the catalytic equivalence of n- and p-semiconductors, In the 
1ga,——— 


dehydrogenation of ethanol studied it can be stated with some certainty 
Fig. 3, Dependence of the apparent _ that the activation energy of the reaction on p-germanium is considerably 
activation energy of ethanol dehydro- less than that on n-germanium, One should be careful in extending this 
genation on the concentration of main conclusion to other reactions, though data obtained by Schwab et al. for 
carriers in Ge the hydrogenation of ethylene and the decomposition of formic acid on 

Ge [6, 7} and which became known to us when our work on catalysis on 

alloyed Ge samples was complete, agree qualitatively with our results, 
Regrettably, the material published by the authors mentioned contained a very superficial description of both the 
investigation procedure and the kinetics of the reactions studied, which makes it difficult to evaluate the reli- 
ability of the results obtained, 


For a more coimplete understanding of the role of the type of conductivity in oxidative-reductive hetero- 
geneous catalysis it is necessary both to extend the range of reactions studied and to investigate more thoroughly 


») 
‘ 
} 
} 
d 


the processes in wa data on the in the electronic characteristics of the surface 
during the reaction, 
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PENTAETHANODIFERROCENE 


Academician A, N. Nesmeyanov and N. S, Kochetkova 


Institute of Heteroorganic Compounds Academy of Sciences USSR 


In continuing a study of the alkylation of ferrocene under Friedel-Crafts conditions with alkyl and alkylene “7 


halides, we reacted ferrocene with a large excess 1, 2-dichloroethane without additional solvent and under drastic 
conditions, 


As.a result, instead of the products we obtained previously, namely, diferrocenylethane and relatively high- 
-molecular resins, containing several ferrocene nuclei in their structure-linked by CH, — CH, bridges, we obtained 
a series of polyethanopolyferrocenes, which did not contain halogen, were soluble in chloroform and benzene and 
inscluble in methanol and could be separated by solubility in ether, 


All these substances together with unreacted ferrocene were extracted from the reaction mixture with ben- 
zene after removal of the dichloroethane by distillation, The mixture was resolved by means of the differences 
in the solubilities of the polyethanopolyferrocenes in ether. The substance with the lowest molecular weight, 
which had a decomposition point of 130°, was separated by solution in a small amount of ether and precipitation 
with methanol and purified by repeated similar precipitations and chromatography on aluminum oxide, Accord-" 
ing to analysis, the polyethanopolyferrocene thus obtained contained 2 ferrocene nuclei and 5 ethane bridges, Its 
molecular weight (cryoscopically 545 and 568, calculated 502) confirmed the fact that it was pentaethanodiferro= 
cene, Since the infrared spectrum showed the presence of unsubstituted cyclopentadienyl nuclei of ferrocene (fre- 
quencies 1000 and 1100 cm“), eh: the only possible structure for this substance is represented by model 
(1). 


This structure was confirmed by the fact that the IR spectrum (LiF prism; 
without solvent) did not contain the frequencies 2960 and 2870 cm}, which-are 
characteristic of methyl groups, and did contain the frequencies 2928 and 2850 
cm”! (CH frequencies of CH, groups), Thus, the ethane bridges are not scape ct” 
by aluminum chloride. 


Further confirmation is derived from the increased density of the substance 
(dz = 1.461) in comparison with ferrocene (a? = 1,349), which corresponds to 
dense packing of two ferrocene residues with a separation between the cyclopen- 
 tadienyl planes connected by CH, — CH, bridges less than in the ferrocene cry- 
stal, 


This density corresponds approximately to that calculated from the model, 
The theoretical volume of the molecule was calculated for the model of sub- 
stance (I) [3]. Here it was assumed that the interatomic valence distances in 
the ferrocene nuclei were the same as in ferrocene and that those in the ethylene | 
groups were normal for an ordinary bond (1.54 4°), The intermolecular radius 
of carbon atoms was also taken as the normal value (1.8 A*), Knowing the vol- 
ume and the weight of the molecule and assuming that the packing coefficient 
in the crystal was close to 0.7, we co the probable density of the sub- 
stance and this was found to be 1.46 g/ cm’, 


= 

H, 

Cty 
H, 
te 


The greater density of substance (1) in compari- 
son with ferrocene, which is too high for a substance in 
Es ' which the content of the relatively heavy atoms (Fe) is 
S| small, indicates that the carbon atoms in the molecule 
are packed extremely closely, 


y, Pak At room temperature, pentaethanodiferrocene did 
a nf not give x-ray pictures of a crystalline substance and 

' this may be connected with interorientation of the bar- 
$00 29209000 080 rel-shaped molecules along the long axis, Laborious 
ee work is stil: required to confirm the structure of pen- 
; “ taethanodiferrocene by chemical methods, By way of 
a preliminary data, bromination [4] gave pentahromocy- 

clopentane, 


aN Polyethanoferrocenes with molecular weights (cry- 


NX IM oscopically in benzene) of about 1000 and 2000, con- 

; “ENE taining 4 and 8 ferrocene residues, were less soluble in 

ether and could be isolated by fractior.al precipitation 

700 0 2920 780cm-1 with methanol. In analysis they were similar to the pre- 
vious substance and were possibly 2 and 4 similar mole- 
cules linked with ethane bridges, 


Absorption 

& 8 BB See 
. 


Fig. 1. IR spectra of ferrocene (1), ethylferrocene 
(ID and pentaethanodiferrocene (I and IV). 
ae Actually the IR spectra of the high-molecular 
' weight products showed a fall in intensity of the absorp- 
tion bands in the aioe of 1000 and 1100 cm", Saag a fall in the aia of free cycicpentadiene rings ina 
given amount of material. 
Very recently Luttringhaus and Kullick \ [2] used the reaction of dimetallic derivatives of dicyelopentadienyl- 
- a-w-alkanes with ferric chloride to obtain very small yields (0.025 — 0 .053%) of ferrocene derivatives, contain- 
ing polymethylene chains, namely, substances of three types: 


-.O—(CHi), —®.... anza-ferrocenesFe 
and rings >— (CH:),—® wherea =3, 4, 5, 
\CH:),. (CH:),  —ferrocene residue 
— 


Ferrocene and dichloroethane, 40 g of dry ferrocene was dissolved in 300 ml of dry, distilled dichloro- 
ethane and the solution gradually heated to 60° with continuous stirring, while 10 g of anhydrous aluminum chlo- 
ride was added, Stirring at 60° was continued for 5 hours, The mixture was leftovernight at room temperature 
and then stirred and heated at 60° for 6 hours on each of three days, Each day a further 5 g of anhydrous alumi- 
num chloride was added, After decomposition with water and evaporation of excess dichloroethane, the mixture . 
was reduced with an aqueous solution of sodium sulfite and extracted with benzene, After removal of the ben- 
zene, the unreacted ferrocene was separated from the reaction products by steam distillation (17 g), The resi- 
due was treated with 25 ml of ether and the solution obtained was diluted with ten times its volume of methyl 
alcohol, A light yellow powder of I (yield 1.9 g; 3.5%) was obtained, 


: Found %: C 11.64; 71.50; H 6,25; 6.30; Fe 21,70; 21,90 CypHyoFe>, Calculated %; C 11,74; H 6,02; 
Fe 22.25, 
The substance was dried in vacuum (1 mm) for 15 hours at 80°, Mol, weight (determined cryoscopically in ben=- 


zene): found 545; 568; calculated 502, Density dy = 1,461 (in methy! alcohol), 
A Beilstein test for chlorine was negative, 
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The substance was readily soluble in benzene, ‘ether and ‘chherofoemy, difficultly soluble in ethyl and methyl " 
alcohols and insoluble in water, + 


The residue after the ether extraction at room i was treated with ether in a Soxhlet apparatus. 
The ether extracts were evaporated to 50 ml and diluted with ten times its volume of methyl alcohol, We ob- 
tained a yellow powder of II( 1,1 g), The decomposition point was about 180°, 


Found %: C 72,38; 72,17; H 6,43; 6,44; Fe 21.95; 21.68 CoteFey Calculated %: c 12,73; H 6, 12; 
Fe 21.15. 


The substance \ was dried in vacuum (1 mm) at 80° for 15 hours, The molecular nest (cryoscoptcally in ben- 
zene) was 1030; 980, Calculated for CgHgFeg~ 1056, The aces structure for — 0 is 


(CHyCH,),® (CH:CHs), 


and other possible isomers, 


The residue in the thimble of the Soxhlet apparatus was dissolved in 25 ml of benzene and cena 
with ten times the volume of methyl] alcohol, We obtained 1.2 g of a brown powder. The analysis was identical 
to that of substance IL The molecular weight, determined cryoscopically, in benzene, was 2300, ~ 


The theoretical calculation of the density of substance I was kindly carried out at our request by O. V. 
Starovskii under the direction of Prof. A. L Kitaigorodskii, The IR spectra were measured by N. A. Chumaevskif 
in the laboratory of Academician L V, Obreimov. The authors are grateful to all these — 
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THE NATURE OF LINK*S SALT 


L. G. Berg and L. A. Borisova 
V. L, Ui"yanow~Lenin State University Kazam 
(Presemed by Academician B. A. Arbuzov February 10, 1959) 


For more than a ‘hundred years investigators have been occupied with the problem of preparing dolomite’ 
by diirect precizitatiom from solutions of calcium amd magnesium salts, It has served as a stimulus for a large 
amount of experiment-al work, which, however, has mot resulted in any definite conclusions, The opinion of . 
certain authors that their experiments had yielded dolomite required strict experimental testing since the methods 
they used for identific:ation of the substance obtaine:d (quantitative composition, low solubility in dilute CH s- 
COCH and, rarely, refizactive index) could not give a correct indication of its nature. In repeating some of the 
expeetiments, ox attemzion was attracted by Link's salt, This was obtained by directly mixing solutions of Ca. 
and (Mg salts and NH -iCO at room temperature and z2ppeared as a gelatinous precipitate, which rapidly cry= 
stalllized when heated to 30-40 and slightly more siowly at room temperature to give spherulites with a low 
soluthility in dilate CKi;COOH ia the cold, Its qanckative composition is close to that of dolomite, 


However, the variable composition obtained for 
the precipitate, depending on the initial concentration - 
of the salts and the experimental temperature, the ab=- 
sence of rhombohedra with refractive indices correspond- 
ing to dolomite and the variable degree of solubility in . 
CH;COOH seemed to refute Link's opinion that his salt 
was none other than dolomite, These salts therefore be= 
came known as Link's mixed salts, 


The gel we obtained by Link's method (1] was 
only calcite according to quantitative composition and 
apparently had a high activity, which promoted the 

precipitation of magnesium carbonate during crystalli- 
zation of the gel, Beginning two hours after mixing of 
the solutions, the magnesium-~enriched precipitate grad- 
ually reaches a composition close to that of dolomite, 
namely MgCOsy up to 33% and CaCOy up to 67%, 


If the stating cwncentration of CaCl, in our experiments was decreased by a factor of two without a change 
in ttre concentration aff Mg salts, then oaly half of the amount of Mg salts precipitated in the form of Link's salt. 
and tthe rest of hem prrecipitated as nesquehonite, This confirms the hypothesis that it is precisely the CaCO, 
gel which facilitates subsequent precipitation of the Mg in the form of Link's salt, If separately prepared and 
wasined CaCO, ge] was placed in a solutior of magnesium salts, in this case it did not posses this increased ac- 
tivity and the whole aif the Mg precipitated in the form of nesquehonite. 


Fig. 1. Therrmogram of Link's salt, 


The heating curves of Link's salt, washed free from Cl" and SO,” ions, had two endothermal effects, the 
first: (680°) sligtcly beliow the cecomposition point of dolomite (74%) and the second, corresponding to the dis- 
sociation temperature wf calcite (900) (Fig. 1). 
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J0 25 20 15 
Fig, 2, X-ray pictures of salts; a) calcite (CaCO,), b) 
Link's salt, c) Shishim dolomite (CaCO,* ), 4) 
magnesite (MgCOs). 


A comparison of x-ray pictures of Link's salt with those of Shishim dolomite indicated that Link's salt 
was a solid solution of calcite in dolomite, since the lattice parameters of a sample of Link's salt — some= 
what from calcites and dolomites, but were more similar to dolomite (Fig, 2). 


The spread of the lines on the x-ray pictures and the reduction of the first endothermal othe on the heat- 


ing curve might be caused by both fine crystallinity and poor formation of crystals and by the nonequilibrium 
state of the system. 


At winter temperatures, the surface of a sithoned ot dolomite with calcite is more stable than calcite= 
dolomite solid solutions [2— 4], which is confirmed by the wide distribution of dolomite in sedimentary rock 
and by thermochemical data (5). 


Thus, it might be expected that under normal conditions with the passage of time, the less stable calcite~ 
dolomite solid solution would change into the more stable form, namely a mechanical mixture of dolomite with 


This-would not require an increase in temperature, which is, considered necessary by some authors [2], for 
raising the mobility of the ions and the correct distribution of Ca™ and Mg” ions in the dolomite lattice [2]. 


_ In the rapid crystallization of carbonates, this route is possible also in nature, as is indicated by the very 
extensive paragenesis of calcite with dolomite, However, a slow interaction of solutions by diffusion may give 
directly a stable mechanical mixtureof calcite with dolomite. 
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DESTRUCTIVE ALKYLATION OF BENZENE BY PROPANE 


Academician B. A. Kazanskil, M. I. Rozengart and 
F. Kuznetsova 


N, D. ZelinskiiInstitute of Organic Chemistry Academy of Sciences USSR 


The interaction of paraffinic and aromatic hydrocarbons is one of the least studied fields of hydrocarbon. 
chemistry. Nonetheless, the reactions between these classes of compounds may open up new routes to the Prepara~ 
tion of various aromatic substances and also help to elucidate the nature of catalytic conversions, 


As follows from patents (1, 2], paraffinic hydrocarbons alkylate benzene in the presence of hydrogen fluo= 
ride, boron trifluoride and mixtures of them. In patents it is emphasized that paraffins containing not less than 
five carbon atoms in the chain are suitable for this process, The destructive alkylation of benzene with isooctane 
proceeds in the presence of aluminum and zinc chlorides [3] at 25— 75° with the formation of tert, ~butylbenzene 
and isobutane, It was also reported that the destructive alkylation of benzene proceeds in the presence of an 
aluminosilicate catalyst [4]. The aikylation of benzene with ethane occurs to a small extent on nickel deposited © 
on alumina(5}. This yielded S of toluene and the catalyzate did not contain ethylbenzene, Finally, it should 
be noted that in the presence of nickel on kieselguhr, according to the communication of Ipatieff and Monroe 
[6], at a pressure of 410 — 545 atmos and a temperature of 372 toluene is formed from benzene in.12— 19 yield 
on the benzene passed, The introduction of methane into the reaction mixture raises the yield of. toluene to 
15— 20%, On the basis of these works and especially if we consider that under a pressure of hydrogen, a nickel 
catalyst will selectively demethylate paraffis.ic hydrocarbons and the side chains of aromatic hydrocarbons {7 - 

- 9}, it might be expected that toluene would be formed by the interaction of benzene with various paraffinic 
hydrocarbons under pressuze in the presence of nickel catalysts, . 


Preliminary experiments which we carried out confirmed the possibility of forming toluene by the inter= 
action of benzene with a series of normal paraffinic hydrocarbons (heptane, hexane, butane and propane) in the 
presence of a nickel catalyst at a pressure of 60 atmos, i.e. at a considerably lower pressure than that in the work | 
cited above [6]. We studied in more detail the interaction of beazene with propane on nickel deposited on 
kieselguhr and this is described in the present article, 


EXPERIMENTAL | 


The experiments were performed on an apparatus, whose reactor (stainless steel EYal-T; internal diameter 
2.6 cm) was loaded with 200 ml of catalyst: (nickel on kieselguhr). Fresh catalyst was reduced before the ex= 
periment in a stream of hydrogen at atmospheric pressure and 350° fer 4— 5 hours, 


A prepared equimolecular mixture of benzene (b.p, 80,1° at 760 mm Hg; & = 0,8787; np" = 1.5010) and 
propane was introduced into the reactor at the given pressure and a volume rate of 0,18, The catalyzates ob= 
tained were distilled on a column with an efficiency of 25 t.p, Fractions boiling above benzene were liquid 
reaction products, which we provisionally named “alkylbenzenes", However, these products also contained solid 
aromatic hydrocarbons such as naphthalene and, apparently, diphenyl 


The results of experiments at 400°, presented in Table 1, showed that with an increase in pressure, the 
yield of alkylbenzenes, calculated on the benzene passed, fell from 32 to 30 weight %, 
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TABLE 1 


Effect of Pressure on the “Alkylbenzene” Yield (aro- 
matics boiling abowe benzene) From a Propane~Ben= 
zene Mixture, Experimental Temperature 400, Vol-— 
ume Rate 0,18 


Yield of 
Exp. No. | Pressuce,} alkylbenzenes 
atmes | passed, g on benzene, 
weight % 
28 60 45 32 
29 80 35,0 32 
27 100 45,0 31 
30 120 85.0 30 


The effect of temperature on the yield of cata 
lyzate snd the content of alkylbenzenes in the latter 
was determined at 60 atmos(see Table 2) When the 
temperature was increased from 350 to 450°, the yield 
of alkylbenzenes on the benzene passed decreased from 
28 to 21 weight % in experiments No, 35, —, and fram 
38 to 25 weight % in experiments Nos, 37 and 38, Ex- 
periments 35,, 35, and 35, were carried out on the same 
day on regenerated catalyst with hydrogen flushing of 
the latter in the periods between experiments when the 


" New temperature was being established. Experiments 


37 and 38 were each on fresh portions of catalyst, De= 
creasing the temperature to 300° produced a sharp fall 
in the yield of in the to 10 
weight 


During the prolonged experiment No, 14 (pressure 
60 atmos,temperature 400°) it was found that the catalyst 
was poisoned during operation, The yield of alkylben= 
zenes, calculated on benzene passed,-systematically de= 
creased (see Table 3» over the first two hours of the ex= 
periment, the yield of alkylbenzeneswas 27%; the yield 
of alkylbenzenes over the last two hours operation at the 


end of the experiment (ie. wane tin. working period from 18,4 hours to 20,7 hours from the beginning of the ex= 
periment) equalled 18%, 
The activity of the catalyst, poisoned in experiment No, 14 after 21 hours continuous operation, could be 


increased by passing hydrogen throughit at 100 atmos and 400° for four hours; after this treatment, the of 
alkylbenzenes im che catalyzate of a two-hour experiment rose to 23%, 


It was foursd possible to regenerate the nickel catalyst in a stream of air if the temperature in the oxida ) 
tion zone was nce allowed to rise above 400°, However, such regeneration of the catalyst required two tc three 
days, The catalxs was again reduced before the experiment, It is most probable that during the regeneration 


TA BLE 2 


Effect cf Temperature on the Yield of "Aklylbenzenes® (aromatics boiling above 80°) From a Propane= 
Benzene Mixture, Pressure 60 atmos, Volume Rate 0,18 


of the nickel catziyst with hydrogen at 400° and 100 atm,, there occurs hydrocracking of the carbon deposits on 


Exp. No. 


Temp., 


CoH 
passed, g 


Yield of 
alkylbenzenes 
on benzene, 


weight % 


Yield of 
Exp. No. | Temp.,| CgHg alxylbenzenes 
°c passed, g | on benzene, 


weight% . 


28 
28 
21 


In additicm to the formation of substances boiling above benzene from a mixture of propane and benzene, 


31 450 69.0 25 
38, 350 23.0 38 
38, 300 22,0 10 


hydrogenation ot the. latter occurred to a small extent and the cyclohexane formed was isomerized into methyl- 


cyclopentane, Siowever, not once did we observe any noticeable amount of liquid products of tiirocarbon craaking, 


; 
F 
: 
3 350 23,0 
3 400 23,0 
| 
35, 450 | 23.0 
- 
| 
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The temperature at which the head fractions began to boil in distillations of catalyzate on columns never fell : 
below the boiling point of an azeotropic mixture of benzene and methylcyclopentane, 


The introduction of hydrogen into the reaction mixture (69 atmos, 400) decreased the alkylbenzene con= 
tent of the catalyzave to 10~ 13 weight %, In distillacions on a column of the catalyzate obtained from a pzo- 
pane-benzene mixture in the presence of hydrogen, low~boiling hydrocarbons (beginning to boil at M*) were 
detected, An investigation of the reaction products revealed paraffinic hydrocarbons (hexanes), indicating the 


occurrence of hydrocracking and ben des of eae obtained ot a result of hydrogenation and isomeri~ 
zation of aromatic a. : 


TABLE 3 A of the of the present work with 
the results of investigations of the hydrogenolysis of hy- 

Effect of Experiment Duration on the Catalyst Activity. drocarbons under a pressure of hydrogen, camied out by 
Experiment Temperature 400°, Press, 60 atmos, Vole one of us and E, M, Terent*eva [10] indicates that a 
ume Rate 0,18, ws se _ pressure of hydrogen hinders not only rupture, but also 

the formation of C— C bonds in the presence of nickel 
— catalysts, It is possible that this phenomenoa is connected 
Exp. No. | or | Yield of _ with a decrease in the activated adsorption of the saturated 
. Exp. No.| Operation | C,H, alkylbenzenes hydrocarbons under the effect of the hydrogen pressure, 


To determine the composition of the products formed 
rr from propane=benzene mixtures in 18— 39% yield, allthe — 
— catalyzate fractions boiling above benzene were combined _ 
20 36 and distilled on the same column, The distillation curve, . 
2.0- 4.3 | 31.9 + beginning with the toluene fraction is presented in Fig, 1. _ 
4.3- 6.9 30.9 We isolated 77 weight % (calculated on thereaction pro= 
6.9- 8.9 ducts) of toluene fraction, containing of toluene (un=- 
8.9-11.3 | 30.0 | 23  —. — saturateds were absent) and having the following constants: 
11,3-13,8 | 31.2. b.p. 109.0- 111.0; = 0.8593; np = 1.4923; we then 
13.8-16,0 31,2 distilled 9 weight % of xylene fraction, 3p of propylbenzene 
16,0718.4 31.2 : fraction and Jf of hydrocarbons boiling above 170°, From 
18,420,717 31.2 a.comparison of the distillation data and the results ofexam- 
15° 0- 2.5 ~ {ning the ultraviolet absorption spectra of the fractions : 
: : _ °° + at low temperatures *, it follows that the xylene fraction 
a - contained ethylbenzene in addition to xylene and that | 


After with hydrogen (100 and 
4 00" for 4 hoes the propylbenzene contained isopropylbenzene, 


When benzene alone was passed under the same 
conditions as for the propane=benzene mixture, the yield — 

of alkylbenzenes was only 8~ 14%, The reaction products from benzene alone contained 82% of a toluene frac- | 
tion (see Fig, 2) and 16% of hydrocarbons boiling above 170°; the intermediate fraction, containing xylenes, rep- 
resented a total of 2, Thus, the yield of toluene from the propane-benzene mixture was, on an average, 23 
weight %, calculated on the benzene, and the average yield of toluene from pure benzene equalled 9, Thus, 
2— 3 times as much of products boiling above benzene were formed in the presence of propane as when benzene 
alone was passed through the catalyst, This phenomenon apparently arises for two reasons: 1) destructive alky- 
lation of benzene by propane, which proceeds together with autoalkylation of benzene (proceeding during the = __ 
passage of benzene alone) and 2) a decrease in the poisoning of the nickel catalyst when the reaction was per=- 
formed in a stream of propane {11}. 


Since the catalyzates from propane-benzene mixture contained more than 3h of snl and pkeiianin 
fractions and no appreciable amounts of these hydrocarbons were found in the catalyzate from benzene alone (in 
the work of Ipatieff and Monroe [6] the liquid reaction products contained up to 98% of toluene, and the authors 
did not observe the presence of propyl- or ethylbenzene), it must be assumed that under our conditions the direct 


* The spectral investigation of the fractions was carried out by V. L, Broude in the Institute of Physics, Acad, 
Sci, Ukrainian SSR and the authors would like to thank him for this, 


0 8 Fig, 2, Distillation curve of the 
Fig. 1, Distillation curve of the mix= mixture of fractions boiling above 
ture of fractions boiling above ben= benzene from the benzene cataly- 
zene from the catalyzates from pro= Bates, 


alkylation of benzene by propane also occurred; it is possible that propylbenzene formed was partly demethyl- 
ated into ethylbenzene and then into toluene, 
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ORGANOBORON COMPOUNDS, REACTION OF TRIALKYLBORONS | 
WITH COMPOUNDS CONTAINING LABILE HYDROGEN 


B. M. Mikhailov, V. A. Vaver and Yu. N. Bubnov 
"_N, D. Zelinskif Institute of Organic Chemistry Academy of Sciences USSR 
(Presented by Academician B A. Kazanskii February 9, 1959) 


The reactivity of aliphatic boron compounds with respect to compounds with active hydrogen has been studied 
very little, The compound that has been studied mainly is trimethylboron, which reacts with water [1], methyle 
amine [2], ammonia [3], aniline [4], diamines [5], ethylene glycol and pyrocatechol [1] under drastic conditions 
(at 200 — 300° under pressure) to form methane and the corresponding methyl derivatives of boron, It is also known - 
that triethylboron reacts when heated with B-haloethyl alcohols (6) and that tri-n-butylboron is converted by boli- 
ing hydrobromic acid into dibutylboric acid and by dry hydrogen bromide, into dibutylboron bromide [7]. One of 
us and F, B, Tutorskaya showed that triallylboron had an unusual sensitivity to reagents containing labile hydrogen 
{8}. It reacted with water, alcohols and amines, even at room temperature, and one or two of the allyl comcels 
were replaced by the corresponding groups, 


In connection with what has been sald, it seemed very sinc to study the behavior of higher trialkyl- 
borons with respect to various reagents with labile hydrogen and to determine the effect of the nature of the 


starting materials on the rupture of the boron-carbon bond, 


We studied the reactions between tri-n-propyl-, trifsopropyl-, tri-n-butyl-, triisobutyl= and triisoamylboron,. 
on the one hand, and water,. alcohols, phenol, amines and mercaptans, on the other, It was found that at 160— 
170°, the higher trialkylborons reacted vigorously with water-to give dialkylboric acids (I), which were isolated 
in 65— 7¥f yields by distillation in the form of their anhydrides (see Table 1), The reaction was accompanied 
by the formation of olefinic hydrocarbons and hydrogen and also of saturated hydrocarbons, The course of the 
process may be illustrated by the scheme 


+- 14,0 > + RH +R_y + He 


The relative amounts of hydrocarbons and hydrogen formed in the reaction depended on the experimental 
conditions, When the water was added portionwise to heated trialkylboron, olefinic hydrocarbons and hydrogen 
were formed predominantly (see Table 1) and when an equimolecular sass of reagents was eo hemed, more satus 
rated hydrocarbon was obtained than olefinic, 


Under the. same conditions, trialkylborons reacted with aliphatic meihiih or phenol to give a 65— 80% yield 
of alkyl or phenyl esters of dialkylboric acids (II), saturated and olefinic hydrocarbons and hydrogen, 


RaB 4- RaBOR’ + RH + R_yy + He 
(11) 
R’ = alkyl, CH, 
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TABLE 1: 


Amoynt of Apscous 
eaction protucts, 
6 n moles 
M 
a Re ole Riv Mole] Reaction product 
a 
= 
= 
1] | 0,077 H,O 0,077 | 0,018 | 0,048 | 0,047 (0-C,H,),B 
2 9,091 H,0 0,098 | 0,013 | 0,071 | 0,075 -C,H,)_B 
3] H,O 0,112 | 0,003 | | 0;102 
H,0 0,080 0.051 | 02055 C,H 
5 05066 H.OH 0.766 | 0,033 | 02026 0,028 -C,H,),BOC,H, 
6 0,053 C, .OH | 0,053 | 0,010 | | 
7] | 01075 0.075 | 0;052 | 
9] (BCH), 07054 | | 0,06 ~ H.),BNHC,H,-2 
10] | CH 6,078 | 0,022] 0.0473] 0,0473 H HE 
11] | 0.085 | 0,076) | C,H, ):6SC,H, 
12] | | | O11 | 0.0736] 6.0023] 0,00 
16] | 0,005 HTH 0.066%] 050464 | 0.0053 | 0.0083 
is} 0,658 0,066 | 0,031 | 0,014 | 0,016 
Analysis 
found in % calculated in % 
B.p. °C/mm a 
a 
— 
cis Bic |H |B 
4]. 59,5 71-788 0,768 1,422 | 13,39 | 10,33 | 68,64 | 13,46 | 10,31 
2) 71,9 139-1412 0, 7903 = 
3| 67.4 111-1129 0.7733 41,4230 | 72,011 43,38] 8,26] 72,22] 13.66] 8,13 
4] 65:3 $43—144/6 0, 7938 1.4331 74543] 43,68] 6,65 | 74,55] 13,77] 6.72 
65 0.7556 454105 |}— | |.— | 63 
7| 75.8 113—119/7 0;4798 4.4760 | 76,99] 10,62] 5,13] 77,08] 10,63] 4,96 
9] &6 2-93 0.7758 4,432 | 73,90] 14,28] 5,65] 73,09] 14,31] 5.49 
10] 74,5 417, 5/14 0,859 155050 | 76,32] 10.58} 5.65] 76.21 | 10,66] 5.72 
41] 60,5 98,2/1 «|. 1.4598 64,42] 82,50] 6,15] 64,51] 12,45] 5,89 
12] 63 117/8 0:5367 14508 — = 
13} 68 0;4213. 474572 | 67,50] #2,88] 5,33] 67,27] 12,71] 5,05 
14] 72,8 132—13378,5 07219 2.4551 | 70:07] 42.98] 4:72] 69.40] 12.99] 4:47 - 
4/5196 70,00! 9,34] 5,38] 69,91! 9:29! 5:25 


15] 67 124,3/11,5 


Aliphatic and aromatic amines reacted with tialkylborons at 170 — 200° and were smoothly converted 


into N-substituted dialkylboramines (IJ). The reaction was accompanied by the formation of saturated and 
olefinic hydrocarbons and hydrogen, the ratio of which depended on the nature of the starting amine (see Table 


1). 


R3B + R3BNHR’ + RH + R_y + He 
(111) 
R’ = alkyl, GHs 


Mercaptans reacted with tialkylborons, even at room temperature; however, under these conditions, the 


process did not proceed to completion and it was necessary to heat the mixture of reigents to 140 — 150° to 
complete the process, As a result of the reaction we obtained 60 — 73% yields of alkyl esters of dialkylthioboric 
acids (IV), which were previously synthesized from tialkylborons and sulfur (9). By the procedure indicated, 
together with esters of thioboric acids, the reaction gave almost exclusively the corresponding saturated hy- 
drocarbons, Thiophenol reacted with tlalkylborons at 150 — 170°, 
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The reactions studied were 5 multistep; they proceeded through the stage of the formation of a 5 odenglex pat 
the trialkylborons with oxygen, nitrogen or sulfur addends (V). 


+ 
| 


Y,= 0, NH, S 


Thecomplex compounds (V) then underwent two types of conversion, The first of these consisted of de- 
composition of the complexes (V) into saturated hydrocarbons and the corresponding 1 atone compounds — 
(VD) by the scheine 


R,BYR’ + RH 


Y =O, NH, S 


This process evidently proceeded through the stage of the removal of a proton from the heteroatom and cleavage 
of the alkyl group from the boron atom in the form of an anion, . 


The second direction of decomposition of the complex compounds (V) cations of elimination of an ole- 
finic hydrocarbon and hydrogen and the formation of compound (VD by the scheme 


— R’ => ReBYR’ + Ry + Ha 
(v1) 


Y =O, NH 


This process is most clearly expressed by the reaction of trialkylborons with water, alcohols or amines, It 
proceeds at a high rate when there is excess trialkylboron in the reaction mixture, The effect of complex for- 
mation on the rate of the elimination reaction is shown by the thermal decomposition of tri-n-butylberca pyri- 
dinate, We found that the ¢liminatior. of butylene was complete after 6 hours heating at 180° in this case, while 
tri-n-butylboron underwent an analogous conversion at the same temperature only after 10 days’ heating [10} 

It is possible that the conversion of complexes (V) by scheme (3) proceeds through the ea of dialkylborane 
complexes (VID, which then rapidly eliminate a molecule of hydrogen: 


RsB Y —- R’-» + R_y-» R2BYR’ + Hy. 
(VII) HO (VI). 


The reactions we studied are simple and very convenient as preparative methods for obtaining dialkylboric 
acids, their esters, N-substituted dialkylboramines and esters of dialkylthioboric acids, 


EXPERIMENTAL 


L Synthesis of trialkylborons, To a 4 M ether solution of n-butylmagnesium bromide (1,8 moles)was added 
0,19 mole of isobutyl metaborate, The reaction mixture was boiled for 2 hours and treated with 7% hydrochlo- 
ric acid. The ether and alcohol were removed in vacuum in the presence of excess water at a temperature of 
not more than 50°, The yieid of tri-n-butylboron was 89 g (85%) and the b.p, was 85 — 86°/8 mm. Tri-n- 
-propylboron, triisopropylboron, trilsobutylboron and triisoamylboron were prepared similarly, 


Il, Reaction of trialkylborons with water, Into an apparatus, consisting of a three-necked flask with a 
reflux condenser, a thermoineter and a nitrogen inlet tube, was placed 0,07 — 0,1 mole of trialkylboron, The 
apparatus was connected to a gasometer, the starting trlalkylboron heated to 160 ~—170°* and over a period of 


© The reaction with trlisopropylboron was carried out at 130 — 140°, 
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_ anhydride from wilsoamylboron, a ‘rap cooled to -70° was placed between the apparatus and the gasometer, 


- donated in vacuum, 


mixture was not below 100 — 115°, 


one hour, and equimolar amount of oxygen-free water was added to it, In the preparation of dilsoamylboric 


The reaction mixture was heated for a further 2 — 3 hours at 170 — 180°, thencooled to room temperature and 
the apparatus flushed with nitrogen. The — mixture was ‘igs ene and the liquid reaction — frac- ~ 


IIL Reaction of trialkylborons with alcohols, To 0,053 — 0,075 mole of bien was added an 
equimolecular amount of alcohol or phenol and the mixture boiled until the evolution of gaseous hydrocarbons 
ceased, Ethyl alcohol was added to heated tri-n-butylboron in small portions so that the bolting point of the 


IV. Reaction of trialkylborons with amines, An equimolecular mixture of trialkylborons with n-butylamine — 
was heated at 190 — 200° for 2— 3 hours, Heating for oneanda half hours at 170° was required to complete the _ 
reaction of tri-n-propylboron with aniline, 


V. Reaction of tialkylboron with mercaptans, Equimolecular amounts of trialkylborons and mercaptans 
were mixed at room temperature, As gas was evolved, the mixnure was gradually heated to 150°, The estes of 
dialkylthioboric acid obtained were colorless substances with a repulsive smell, which were miscible with organic 
solvents and oxidized in air. The results of the experiments are presented in Table 1. 


VL Tri- n-butylboron pyridinate, The complex of tri-n-butylboron with pridine was emp by mixing 
equimol]ecular amounts of the starting materials and had b.p. 95 — 97°/5 mm, az 0.8581, nb 1. 4870, 


Found % C 77. 61; H 12.46; B 4.51 CutissBh. Calculated Se C 78.16; H 1235; 
B 4.14 


0,03 mole of tri-n-butylboron was heated for §.5 hours at 180 — 200°, We obtained 0,031 mole of buty- 
lene, : : 
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THE SENSITIVITY LIMIT OF ANALYTICAL REAGENTS | 


I. Mustafin 
N. G, Chernyshevskii State University Saratov 
(Presented by Academician A, A, Berg March 24, 1959) 


Many of the analytical reagents used at the present time make it possible to detect with certainty fractions 
of a microgzam of the substances sought over a considerable range of dilutions [1, 2], Nonetheless, in a series of ; 
cases such sensitivity is insufficient as Is indicated by the continuous search for new reagents and the development 
of methods for concentrating the component sought or, and the search for analytical forms. 


The sensitivity of a given reagent for this or that substance, although it also depends on a whole series of 
factors (nature of the solvent, reaction medium, temperature, character of analytical effect, observation method, 
presence of interfering substances etc.), with other conditions equal, is determined by the chemical structure of - 
the final reaction product, It is precisely the latter which predetermines such important properties of the analy- 
tical form as solubility and depth and intensity of color [3 — 8]. The importance of these properties is due to 
the fact that,in practice, in an overwhelming majority of casés we deal with either precipitation reagents or colori- 
metric reagents, As in known, as an analytical effect, the first of these shows the appearance (or disappearance) 
of a colorless or colored precipitate, whose solubility determines the sensitivity. In the case of colorimetric rea~ 
gents, the analytical effect is reduced to a change in the charecter of the color of the solution; it is clear that 
here the sensitivity depends on the color properties of the analytical form, 


At the present time, chemical analysis has a vast arsenal of reagents, which are mainly organic and whose 
number continues to grow, For some ions there are already hundreds of substances, but the search for new and 
more sensitive or more specific reagents continues without ceasing for a day. Here, one must consider to what 
extent these searches are worthwhile in each separate case, 


The sensitivity for direct detection of any substance sought by means of chemical reactions must have some 
minimal value, below which it is impossible tc extend the physical and physiological rules of perception of the 
analytical effect, These rules have hardly been considered in textbooks and handbooks, which most often confine 
themselves to discussion of the interrelation between the certain detection minimum and the limiting dilution, 


Obviously, if the basis of the analytical process is a noncatalytic, visual observation of a chemical reac- 
tion, for which excess reagent has been taken, then the appearance of a precipitate or a change in color of the 
solution will only be appreciable when the concentration of the substance sought is not less than required for the 
limiting dilution in the given reaction, Otherwise, the analytical effect will not be observed, although the analy- 
tical ferm may be present in amounts limited by its solubility product or instability constant, This state of affairs 
is caused by the sensitivity of the normal eye in perceiving a difference in color or the illumination of objects 
or surfaces compared, For example, between ideal white and absolute black surfaces one can consider theoret{- 
cally an infinite number of grey surfaces, colored with so-called achromiatic colors, However, in the best case, 
the normal eye can only distinguish between about 250 of these. 


Consequently, at normal light-flux intensities we are capable of perceiving 0,4% differences in the illumi-' 
nation of two identical surfaces, In the case where we observe a light flux, not after reflection, but after trans- 
mission through some medium, then two equal areas examined by us will seem cy illuminated only when 
0.4% of one of them is shielded. 
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The situation is completely analogous with the capacity of the eye for distinguishing between different 
colors in the visible region of the spectrum; the sensitivity of the eye has a limiting value, which varies for 
different colors, Let us assume that we are observing in transmitted daylight, the interaction in solution of the 
substance sought and a precipitation reagent with the limiting sensitivity for it; in this Interaction, a colorless, 
completely insoluble substance {s formed from colorless components, 


We may detect this visually only when, as already stated, the precipitate cuts off ~0.4% of the light trans- 
mitted through the solution, i.e., when the area of the pee is of the order of 0.4% of the whole area con- 


sidered, 


The precipitate will probably not be in ore piece, but will consist of a large number of separate péaatidens 
the dimensions of the latter in all three directions should be of the order of 1 p or otherwise they will be parti- 
ally by-passed by the light flux. Consequently, the apparent thickness of the precipitate, consisting of even a 
single layer of particles, cannot be less than 10° cm, These considerations make it possible to calculate the 
volume of the precipitate; the weight of the precipitate, formed in a certain volume of solution of the reacting 
substances, may be calculated starting from the premise that its specific gravity is close to 1. Neglecting light 
scattering processes, we may then calculate approximately the molar concentration of the component sought at 
the limiting dilution of it in a reaction with precipitation reagent of limiting sensitivity. 


The dependence of the sensitivity of colorimetric reagents on the depth and intensity of the color of the 
analytical form has been considered in the literature several times [9 ~ 12). Their limiting sénsitivity may be 
calculated, starting from the known equation ¢ = D/C{ in which all the symbols denote characteristics of the 
analytical form: ¢€ is the molar absorption coefficient; D is the optical density of the solution; C is the concen- 
tration of the solution in mole/ liter and 2 is the thickness of the solution layer in centimeters, 


The normal eye can always distinguish with certainty between an optically clear solution and a solution 
with an optical density of about 0,02, Consequently, D of a solution of an analytical form at the sensitivity limit 
of the type of reagents we are examining may not be. less than 0,02, 


If we then assume that ¢ of the analytical form equals 10 (in practice this value is most frequently of the. 
order of 10°), then we have all the data for an approximate calculation of the limiting sensitivity of colorimetric 
reagents at < given layer thickness of a colored solution, for example, at 2 = 1 cm. 

Table 1 gives the sensitivity for detecting a substance (M is the molecular weight) by means of reagents of 
the type 


TABLE 1 


Calculated Data for the Limiting Sensitivity of Colorimetric 
Reagents at a Layer Thickness of 1 cm and tha nocen Rea- 
gents 


Reagent 


For detecting a substance 


colorimetric | precipitation. 


Minimal conc, in mole/ liter 107? 107 
Detection minimum pg/ml 10°°M 


Limiting dilution _ | 1:10°M 1:10°M 


The figures in this table, firstly give a logical basis fer the fact that with other conditions equal, precipi- 
tation reagents giving colored analytical forms are found to be more sensitive than reagents giving colorless pre- 
cipitates, 

Secondly, for example, we can _ state that it is doubtful if a precipitation reagent for lithium exists which 
would make it possible to detect it directly in concentrations much Jess than 0,05 pg/ml; this detection minimum, 
for example, for the uranyl fon cannot be surpassed by the use of colorimetric reagents either, 
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Naturally, the calculations presented are extremely approximate and they do not consider certain impor 
tant factors (reaction equations, solubility of precipitates and variation in the dimensions of their particles, light 


scattering, stability of the analytical form etc,); however, they are sufficiently accurate for evaluation in each © 
actual case the prospects of a search for more sensitive reagents, 


These elementary calculations, in addition, indicate feasibility of sgitese. effective methods ‘a over 
coming the insuffictent of reagents of limiting sensitivity, 
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INVESTIGATION OF THE COPOLYMERIZATION OF ISOPRENE 
WITH PIPERYLENE AND DIISOPROPENYL 


G. V. Rakova, Corresponding Member Acad, Sci. USSR 
A. A. Korotkov and Tszuan-Chan Li 


lustitute of High-Molecular Compounds Academy of Sciences USSR 


In the present communication we give the results of work which fs a development of a previous inves- - 
tigation of the ridge Wwe of diviny! and isoprene, As in the previous case we used isoprene containing 
the radioactive isotope C 14 Most of the experiments on the separate polymerization and copolymerization of 
isoprene, piperylene and diisopropenyl in hexane solution with butyllithium were carried out at 50° with a cat- 
alyst concentration of 0.01 mole/ liter and a monomer concentration of 2 moles/ liter, The procedures for the © 


D0 0 CO 80 Mom 
Fig. 1, Kinetic curves of the polymerization of piperylene: (1- 
- 50°, 2—60°, 3— 70°) and diisopropenyl (4 and 5— 70°, 6 — 80°), 


Cmon = 2 mole/ liter, Cegt = 0.01 mole/ liter {in the case of 5, 
0.02 mole/ liter and for 6, 0,03 mole/ liter) 


lymerization and the synthesis of isoprene labeled with C! were described previovst (1, 2}. - 
po y y P y 


In separate polymerization with butyllithium, isoprene was the most active monomer (see Fig, 2). Io 
the stationary period, the rate of polymerization of isoprene at a butyllithium concentration of 0,0035 mole/ 
liter was approximately 0,1 mole/ liter. min. and of piperylene and Gitsopeopenyi, 0.0035 — on 0040 mole/ liter, 
‘min at a butyllithium concentration of 0,01 mole/ liter, 


The course of the polymerization of piperylene differed from that of daientaiabin in a absence of a 
noticeable induction period, Consequently, in the polymerization of piperyiene, the rate constant of the chain 
generation reaction, {.e,, the interaction of the monomer with the starting cetalyst —butyllithium, is similar 


to the rate constant of the chain gowth reaction, while in the case of dlisoprozenyl, the first constant is consider- 
ably less than the second, : 


Increasing the butyllithium concentration from 0,01 to 0,02 mole/ liter led to a reduction 1n the induction 
period by a factor of approximately two, but the rate of the polymerization reacizon of dilsopropenyl in the 
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stationary period hardly changed, The existence of such a dependence Indicates the presence of deactivation of 
active polymerization centers due to thelr interaction with each other, similar to that which occurs in the poly- 
merization of isoprene by butyllithium (3), It should be noted that the fall in the polymez!zation reaction rate 
of piperylene in the region above 50% conversion Is considerably greater than would be expected as a result of 
the decrease in the monomer concentration, As yet no explanation for this phenomenon has been found, 


The reaction rates of diisopropenyl and piperylene polymerization in the stationary period are approximately 
the same (sce curves for 70° on Fig. 1). 
In copolymerization, the reaction rate and the composition of the copeheeien are peeeen a by the polym- 


erization rate of the monomers in the stationary period and. therefore, it is not unexpected that the kinetic 
curves for the copolymerization of isoprene with diisopropeny! and piperylene practically coincide (Fig, 2 2). 


% 
100;- ° 
£60 
3 
£20 
«@ 60 00. @ 60 0h 
Fig. 2, Kinetic curves of separate and copolymeri- Monomers reacted Barone: 
zation at 50°: I) isoprene; ID) calculated curve (a- Fig. 3, Calculated integral curves of co- 
mount of monomers reacting in copolymerization polymer composition for the systems iso- 
expressed relative to the initial amount of isoprene): — prene — piperylene and isoprene — diiso- 
a) isoprene — piperylene, b) iosprene —diisopro- propenyl at 50° (a, b — exp, points); a= 
penyl; Ill: c) isoprene — piperylene (1:1), d) 17, B = 0,06 


isoprene — diisopropenyl (1: 1), IV) piperylene 


If the amount of monomers reacting in copolymerization is expressed in percents of the isoprene taken, then the 
kinetic curve lies close to that for the separate polymerization of isoprene (curves la and 1 in Fig. 2), A cere 
tain displacement of the curve is connected with the somewhat higher reaction rate due to the increased catalyst 
concentration (0,01 instead of 0,0035 mole/ liter) in experiments on copolymerization and the slight distortion of 
the results because of the participation of piperylene or diisopropenyl in the chain growth reaction, especially 
during the period of isoprene depletion, Thus, in the initial period, the reaction rate of copolymerization cor- 
responds to the reaction rate of separate polymerization of isoprene and after exhaustion of the isoprene, to the 
rate of separate polymerization of the second monomer, 


As has already been mentioned, diisopropeny] and piperylene differ in the rate of chain generation, In 
their copolymerization with isoprene, this difference is absent and the kinetic curves coincide; consequently 
the more active monomer, isoprene, is responsible for the reaction rate of chain generation, - 


Usually, during the growth of copolymer chains, the participation of each monomer is proportional to 
* its concentration and relative activity and depends greatly on the activity of the polymerization centers at the 
ends of the polymer chains formed by the given monomer, Judging by the copolymerization kinetics, in the 
case considered the rate of copolymer chain growth does not depend on the form of the monomeric unit form- 
ing the polymerization center. In other words, the activity of the polymerization center is not affected by the 
monomer forming it, i.e., Kyy = Kyy and Ky, = Ky Therefore, for the case of copolymerization of isoprene with 
piperylene or diisoprcpeny] it is possible to use the equation proposed by Wall [4]: 
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For three ratios of isoprene to second monomer ( 1: 1, 1; 3 and 1; 6,4), the experimental points lie about 
the copolymerization curves constructed for a = 17 + 5 and, cortespondingly, B = 0,06 + 0,02 (see Fig. 3). In 
the copolymerization of piperylene, practically all the points Me within the limits of iuaitberrese es error, but in 
the case of diisopropeny! their scatter was found to be considerably greater, 


‘TABLE 1 


Results of Experiments on the Copolymerization of loprene and Piperylene in Hexane at Several Temperatures 
and with the Addition of Diethyl Ether at 60° ; 


Ethercontend Extent of isoprene content, | Max. 
tion rate, a 
v of solvent, | conversion in initial calc 
Exp. No, Temp., °C ef. 
Pe P. % in polymer 
50 0 19.4 -| 19.8 67,7 0.026 13.6 
21 . 60 0 20.6 20,2 65.7 "| 0,066 - 12.0 
22 10 0 62.8" 10,5 
25. 10 0 24.2 20.0 64.4 13,3 
23 80 0 28.0 20,0 - 62.8 15.6 
30 0 28,6 20.6 |? 9-282 
28 60 5 26.4 20,0 54,5 0.116 1.8 
ae | 60 10 27.9 20.0 44,1 0,172 5.0 
60 20 34,9 20,0 43.4 0,170 4.9 


The value of the copolymerization constant hardly depends on temperature (see Table 1, exps, No, 21 = 
- 26). Consequently, the activation energy of the chain growth reaction due to isoprene does not differ essen- 
tially from that for piperylene. Meanwhile, the rate constants of these reactions differ by a factor of approxi- 
mately 20, Hence, the lower activity of piperylene is due exclusively to the steric factor, the presence of steric 
hindrance in comparison with isoprene, 


The rate of polymerization and copolymerization of diethylene hydrocarbons by butyllithium is consider- 
ably increased in the presence of even small amounts of ethers and other complex-forming compounds, The same 
phenomenon was observed in the copolymerization of isoprene aid piperylene (Table 1, exps. No, 21 and 27 - 

- 29), With an increase in the diethyl ether concentration, the copolymerization rate in the initial period in- 
creases and tends to a limit in the concentration region equal to approximately 10% of ether in the solvent. The. 
maximum reaction rate exceeds that in the pure solvent by a factor of approximately three, With an increase 

in the ether concentration, the composition of the copolymer also changes, The content of {soprene units falls. 
from 63 — 68% in a copolymer obtained in pure solvent to 43 — 45% and the corresponding copolymerization 
constant a falls to 5, Ether only has substantial effect on the rate and direction of the copolymerization reac- 
tion at relatively high concentration of more than 100-fold excess over the concentration of butyllithium, The 
results obtained give grounds for proposing that the active polymerization center in an ether medium is an un- | 
stable complex, containing two or more molecules of diethyl ether:. 


or R-Li 
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Such a complex active polymerization center leads to a relatively great acceleration of the chain growth re- 
action due to a piperylene (approximately 2,5 times greater than due to isoprene), 


Hence, though in the copolymerization of isoprene with divinyl there {s “reversal” of activity and it is 
impossible to’ predict the composition of the copolymer forrred on the basis of data on separate polymerization; 
in the cases considered here the relative activity of the monomers in separate and copetymerization is retained 
and may be expressed by the series: isoprene” >> piperylene ® = diisopropenyl, This &fference in activities is 
caused only by steric factors; it does not change with an increase in temperature and decreases substantially if 
the seater corns reaction is performed in a mixed solvent: hexane + diethyl. ether, ae 
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ELECTRONIC NATURE OF SUBSTITUENTS IN DIENE AND DIENOPHILE 
AND THE STRUCTURAL DIRECTION CF DIENE SYNTHESIS* 


Yu, +% Titev and A. I. Kuznetsova 
Institute of Organic Chemistry,Academy of Sciences,USSR 
(Presented by Academician B, A, Kazanskii March 3, 1959) 


In the diene condensation of unsymmetrically substituted dienes with unsymmetrical dienophiles, of the two 
possible structural isomers, one particular one is formed predominantly, This structural selectivity is undoubtedly 
connected with the mechanism of diene synthesis and therefore its study a be one method of wubiiting the 
mechanism of this important reaction, 


To study the structural direction, we chose as the dienophiles seis acids containing the 5 Sane annagies 
carboxyl group and styrene with an electron-donor phenyl group; these dienophiles were subjected to diene con- 
densation with both 1-substituted and 2-substituted dienes, 


In the case of 2-substituted butadienes, the composition of the adducts was established by various sail 
depending on 1 the type of substituent in the diene. 


x i 
R = CH;; Cl. X =COOH; 


By dehydrogenation and oxidation, adducts with isoprene were converted inte the corresponding aromatic 
acids, whose ratio indicated the composition of the starting mixture, In the case of 2-phenylbutadiene, the {so- 
meric adducts could be separated by fractional crystallization, Finally, adducts of 2-methoxybutadiene and 
chloroprene were converted by acid hydrolysis into the corresponding keto compounds, which were separated by 
crystallization and chromatography on aluminum oxide, The results obtained are presented in Table 1. 


The data in Table 1 show that despite the difference in their electronic properties, the substituents studied 
do not have sharply expressed differences as regards directing effect in diene condensations, Nonetheless, - the 
ratio of the isomers obtained depended to a definite extent on the nature of the substituents and in terms of di- 
recting effect, the substituents in the diene may be arranged in the following order: 


Cl > CH,0> C,H, > CHs 


According to our data, a phenyl substituent inthe dfenophile is a stronger para-director than a carboxyl. 


The structural direction of diene synthesis for 1-substituted dienes was also studied fox all possible combina- 
tions of phenyl and carboxyl substituents in the two components, The condensations were nae out by heating 
a mixture of diene and dlenophileat 150° for 3 — 50 hours, 


* This work {s a continuation of investigations carried out under the direction of Academician L N. Nazarov. 
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X = COOH; C,Hs. Y = COOH; C,H;. 


To prove the structure, the adducts obtained were dehydiogenated into the corresponding aromatic compounds, 


which were separable by coyeealiination and chromatogrephy on aluminum oxide, The results obtained are pre- 
sented in Table 2, 


- From the point of view of the ionic mechanism of diene s;nthesis [1, 2), where the polarities of the ends 
of the molecules of diene and dienophile are not the same (No, 1 and 4 in Table 2), we should obtain predominantly 
the ortho-isomer and where the polarities are the same (No, 2 and 3 i21 Table 2), the meta-isomer. However, 
we showed that in all cases the ortho-isomer predominated in the mixture of adducts obtained ¢ 1d this apparently 
excludes the determining role of th2 molecules’ polarity in the structural direction of diene synthesis. 


TA BLE 1 
Condensation of 2esubstituted Butadienes With UnsymmesricalD fenophiles 
Tyteld of [Constants of Ratio of para 
a x action b.p. ‘ae 
cenditions adducts, an and meta 
¢C/mm) | isomers 
CHs COOH 200° 2 br. 80 140—445/4 ° 1,9:4 
COOCH, | 150° 5 hr. 73 165—166/6 ° 4,54 
CH;O0 COOH 150° 40 hr. 72 454—155/4 14,4722 | 8:4- 
a COOH 450° Shr.|. 83 162—165/17} 9,3:4 
/ 
GH. 130° 10hr. | 89 | 4,5170 | 


150° 12 hr. 20 110—114/8 1,5546 14,3:4 


* The adduct was partly crystalline, 


. TABLE 2 


Condensation of 1-SubstitutedB utadienes W ithUnsymmetical Dienophties 


Constants of adducts | Ratio of isomers 
Yield of 
No. x adducts,} _ b.p., ortho : ortho-trans 
%o : meta ortho-cis 
i COOCHs 64 144—149/5 | 41,5372 39:4 8:4 
2 C,Hs C.Hs 33 490—198/10) 41,5912 8,4:4 
3 COOH COOH 86 470—175/35 - 8,8:1 8,6:4 
4 COOH | GH, 58 | 220—225/25} ° 5,7:4 i7:4 


* The adduct was partly crystalline, 


In addition, in the case of 1-substituted dienes, the nature of the substituents has a definite effect on the 
ratio of structural isomers, Thus, in the presence of an electron-donor substituent ip the diené and an electron- 
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-acceptor substituent inthe dlenophile(No, 1 In Table 2), the meta-lsomer represents only 2— 3% of the mix- 
ture, In the case of identical polarities of the substiments (No, 2 and 3 in Tabie 2), the amount of meta-isomer 
increases to 10 — 11%, Finally, with an electron-acceptor substituent in the diene and an electron-donor substi- 
tuent inthe dlenophile(No, 4 in Table 2), the structural selectivity is even weaker and the amount of the meta- 
~isomer reaches about 15%, 


Thus, on the basis of the results we obtained, we may conclude that the transition from electron-donor to 
electron-acceptor substituents in the diene or dienophile does not produce a reversal of structural direction as © 
should be the case with an tonic mechanism for diene synthesis 1, 2). Therefore, the lonic mechanism should 
be rejected as it does not explain one of the basic mles of the reaction, The mechanism of diene synthesis through 
kinetically independent free radicals with an open chain (3, 4), apparently, is also inadmissible, since itis in- - 
compatible with the presence of steric selectivity in the reaction (5) and the fact (6, 7] that free radicals are not. 
formed in retrodiene decamposition, Apparently, the most probable mechanism for diene synthesis {s that invol- 
ving homolydc regrouping of electrons within a cyclic transition complex, which fs stereochemically similar to 
the adduct, 
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&- LACTONES, 3-BROMOPYRONES-2 


N. P. Shusherina, R. Ya. Levina and N, D. Dmitrieva 
M. V. Lomonosov State University Moscow | 
(Presented by Academician A, N. Nesmeyanov February 18, 1959) 


; As is known from literature data, the bromination of pyrones-2 leads to the formation of pues substi-_ 
tuted pyrones {1 4). 


In the present work we prepared a series of 3-brcmopyrones-2 (not described in the literature) from 5, 6- 
dialkylpyrones~2 and 5, 6-cycloalkanopyrones-2, synthesized from the $-enol lactone dibromides 
by a method we developed [5, 6} ai 


(IV) an? 


The yield of 3-bromopyrones-2was 28 — 56%, 3-Bromo-5, 6-dimethylpyrone-2 (I), 3-bromo-5-ethyl-6- 


methylpyrone-2 (If, 3-bromo-S, (11D and 3-bromo-5, (IV) were 
synthesized. 


Then, for the first time a study was made of the behavior of 3-bromopyrones-2 in diene synthesis (in a re~ 
action with maleic anhydride), 


It was found that like pyrones-2, ee readily underwent diene synthesis with maleic anhy- 
dride, liberating carbon dioxide and forming crystalline double adducts (V — VIII; the yield was 50 - 80%), 
corresponding to the addition of two molecules of maleic anhydride to a molecule of bromopyrone; 
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TABLE 1 


3-Bromopyrones=2 


For- .1Yield | Found % Calculated % 
Name M.p. °C % Formula C H 
3-Bromo-5, 6-dimey 97—98 53 | 41,84] 3,84] C,H,O.Bir | 41,42] 3,48 
il ro -et 
one- (from aque- 44,67] 4,40 
ous alcohol) 
|3-Bromo-5, 6-cyclo} | 28 | 44,99] 3,38) | 44,70) 3,28 
pentanopyrone-2 45,08] 3,47 
431~132 | 56 | 47,12] 3,93 | C,H,OsEir | 47,19] 3,96 
exano _ 47,32| 4,20 


TABLE 2 


Double Adducts of 3-Bromopyrones-2 With Maleic Anhydride Fae 
Yield Found Calculated % 


nOgor 


CyH 


282—283] 51 |50,26] 3,55| |50,40] 3,44 
(from ace 50,37] 3,62 


ronitrile) 


EX PERIMENTAL 


Bromination of pyrones-%2, To a solution of 0,05 mele of pyrone-2 in 30 mil of absolute ether was added 
0.06 mole of bromine-with water cooling and the reaction mixture left over night. After evaporation of the 
solvent and the excess bromine, the residue crystallized, The constants, yields and analysis data of the 3-bro- 
mopyrones-2 obtained, after their recrystallization from alcohol, are presented iin Table 1, 


o |239—200 | 74 | 47,68] 3,22 47,35] 3,42. 
£432 | 47,35) 3,12 

vil co | 318-319] 60 | 48,85] 3,03] | 49,08] 3,00 

“= 


Preparation of adducts of 3-bromopyrones-2 with maleic anhydride, A solution of 0,004 mole of the 3- 
bromopyrone~2 and 0,008 mole of maleic anhydride in 4 ml of xylene was boiled fortwo hours; evolution of 
- carbon dioxide was observed, The precipitated crystalline adduct was ieee by solution in ethy] acetate and 
subsequent precipitation w ith petroleum ether, 


The melting points, yields and analysis of the adducts obtained (V — VuD a are ¢ presented in Table 2 


LITERATURE CITED 
H, Pechman, Ber., 17, 2396 (1884), 
(2) F. Feist, Ber., 26, 757 (1893). 
[3] R, Wiley and C, Silva, J, Org. Chem,, 21, 841 (1956). 
[4] R. Wiley and J, Esterle, J. Org. Chem., 22, 1257 (1957). | 
(5) N. P. Shusherina, M. Yu, Lur’e and R Ya. Levina, Proc. Acad, Sci, USSR, 109, 117 (1956). 
(6) N. P. Shusherina, R. Ya, Levina, Z, S, Sidenko and M. Yu. Lur’e, J. Gen. Chem., 29, 403 (1959), ° 


Received February 14, 1959 


* Original Russian pagination, See C.B. Translation. 


3 
hh 
: 
e 
. 387 


: 
: 
oes 


ON THE PARAMAGNETIC RESONANCE OF a, a-DIPHENYL-B- 
PICRYLHYDRAZYL PREPARED FROM DIFFERENT SOLVENTS 


Academician A. E. Arbuzov, F. G. Valitova, 
N. S. Garif* yanov and B. M. Kozyrev 


Physiocotechnical Institute of the Kazan Affiliate Academy of Scieznces USSR 
Chemical Institute of the Kazan Affiliate Academy of Sciences USSR 


Data cited by different authors on the width of the paramagnetic resomance lines of a, a-diphenyl-B -picryl- 
hydrazyl (DPPH) vary within wide limits (from ~1 to ~6 oersteds). Such a «great difference cannot be explained 
merely by the effect of adsorbed atmospheric oxygen, as was proposed in rezierence [1]. * In order to clear up this 
question, we undertook a series of measurements proposed by one of us (A... Arbuzov) in which sia res- 
onance measurements were made with samples of DPPH prepared using diffferent solvents. 


The method used for the preparation of the DPPH has been described’ iin reference [3]. In contrast to the 
method of Goldschmidt [4], the DPPH samples were obtained from the soluttions not by precipitation with ether, 
but by evaporation of the solvent under vacuum at temperatures as low as pzossible, which only in individual cases 
amounted to 40-50 deg C. The following solvents were used: benzene, tolutene, xylene (a mixture of the cette 
pyridine, bromoform, casbon tetrachloride, chloroform, and carbon disulfidie. 


The measurements were carried out at frequencies of vy = 300 megaccycles andy 22 9400 megacyclesby the 
method described in reference [5]. They were made at 295 and 90 deg K att the frequency V, and at 295 deg K 
at the frequency v». Below are presented the values of the widths of the parramagnetic absorption lines (AH), . 

The data related to finely crystalline samples placed in sealed tubes from which the air was preliminarily pumped 
to a high vacuum. As may be seen, the nature of the solvent had a substantial effect on the width of the lines. 
Hence, it is natural toconclude that molecules of the solvent enter into thee crystal lattice of the DPPH. This has 
already been established for some cases [6-9]. However, both from a consiideration of the literature data and from 
our own analytical results it follows that in not one single case is there any, guarantee that the experimenter was 
dealing with chemically pure individuals. 


The results cited in Table 1 show that our solvents can be divided intco two groups with anger to their effect 
on A the width of the lines: ring compounds and compounds not containing rimgs. 


A narrowing of the absorption lines upon increase in frequency and! when the shilaghe's was cooled was ob- 
served with DPPH samples contairing molecules of cyclic solvent in the crrystal lattice. On the other hand, a 
broadening of the lines with an increase in frequency and with a decrease im temperature occurred in samples of 
DPPH containing acyclic solvent molecules, 


The slight width of the lines indicates a very high exchange in all off the DPPH samples ininenilpe This 
is confirmed also by the ratio of the fourth moment to the second calculate:d from our data, Thus, for Sample 1 
at 295 deg, M,/ My = 1.36, and for the same sample at 90 deg K it is 1.39;, ‘for Sample 7 at 295 deg K it is 1.44. 


Generally speaking, the width of the lines was greater for the first geooup (1-4) than for the second (5-8). 
This is apparently connected with a difference in their crystal structures, which leads to a larger exchange inte- 
gral for samples of the second group than for those of the first group. 


* The effect of atmospheric oxygen on the width of the paramagnetic resomance lines of DPPH was later noted 


in reference [2] also, 
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The slight narrowing of the lines with an increase in frequency observed with samples of the fizst group is 
in agreement with the theory of Kubo and Tomita (11) for purely isotropic exchange, and it results by reason of 

the disppearange in strong magnetic fields H of nonsecular broadening of the lines, the "10/3" effect, The in- _ 
crease in AH when there samples are heated can be understood on the basis of this same theory as being the con- — 
sequence of the dependence of nonsecular broadening on correlation time: the latter can only decrease with an 
increase in temperature, which must also broaden the line, 


The broadening of the lines with an vicrease in the frequency v, observed for samples of the second group 
is apparently connected with their greater g-factor meer as compared to that of the samples of the aon or. 
This effect was previousty noted in reference [12]. 


; Broadening of the lines with cc ling was first found for DPPH »y Singer [13], and was ascribed to a weaken- 
ing cf intramolecular mction; our experiments show that it occurs only with variants of the second group, In these 
samples, the presence of greater g-factor anisowopy apparently makes the contribution of nonsecular broadening 
in AH less substantial, as a consequence of which the effect of temperature on Mii depends mainly on other causes 
- not connected with exchange, most probably that pointed out by Singer. 


To sum up, it can be said that the samples of the first group, which contain cyclic-type solvent molecules 
in the crystal lattice, are, in spite of the great breadth of the lines, apparently more magnetically isotropic than 
the samples of the second group. All of the considerations presented here are very preliminary. Final clarifica- 
tion of the observed dependence AH(v, T) requires investigation of the paramagnetic resonance in single crystals 
of all of the varieties of DPPH and the obtaining of detailed information on the structure of their crystal lattices. 


TABLE 1 


Breadth of Paramagnetic Lines of Various Sam- 
ples of DPPH (in oersteds) east 


Expt. | At. t-. 

4 |Benzene 6,8 4,6 4,7 
2 {Toluene 2,9 2,6 2,6 
3 |Xylene (mixture) 2,5 2,2 2,3 
4 Pyridine 5,3 5,0 5,0 
|Bromoform 2,2 2.5 2,5 
6 {Carbon Tetrachlo- 

tide 1,9 2,3 

(Chloroform 1,7 2,1 2,0 
8 : (Carbon disulfide 1,3 1,3 1,5 ‘ 


The two groups of DPPH samples displayed, at the same state of subdivision, a difference in the effect of 
atmospheric oxygen on line width, In the case of Samples 1-4, oxygen had practically no effect oa 4H at roorn 
temperature, while with Samples 5-8 an increase in the air pressure from 5° 10~§ to 1500 mm Hg at room tem- 
perature led to a uniformbroadening of the lines, It was particularly great for DPPH obtained from carbon disul- 
fide solution, which, in the absence of oxygen, gave the narrowest line of all, Thus, for our — 8, at an air 
pressure of 760 mm and a temperature of 295 deg K AH increased to 4.5 oersteds, 


The phenomenon of line broadening by oxygen is fundamentally reversible in character; however, as a re- 
sult of oxidation by adsorbed oxygen a certain part of the paramagnetic centers are apparently lost, since para 
magnetic resonance disappeared practically completely in very finely divided samples which were allowed to 
stand in air for a sufficiently long time, 


Experiments on saturation of the lines, which were carried out at the low frequency vy, showed that not only 
line broadening, but also a reduction in the spin-lattice relaxa ‘ion time, Ty, occurred as a resuit of the adsorp- 
tion of oxygen. 


Finally, we undertook some interesting experiments on the replacement of one solvent by another in DPPH 
crystals, It was found that crystals obtained from chloroform solution gave, after recrystallization from benzene, 
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broad paramagnetic resonance lines which conformed completely to those observed with benzene Sample 1; hence, ° 
it follows that an overwhelming part of the chloroform was replaced by benzene, On the contrary, samples ob- 
tained from benzene solution and recrystallized from chloroform completely retained the line of the benzene sam- 
ple, Thus, the affinity of benzene for DPPH is apparently greater than that of chloroform, 


The sample-obtaized from carbon disulfide solution and recrystallized from benzene gave a line corre- e 
sponding tothe benzciie sample, and the sample obtained from benzene solution and recrystallized from carbon 
disulfide gave a line corresponding to the carbon disulfide sample, Therefore, the affinities of these two solvents 
for DPPH must be of the same order, and the result of an experiment obviously depends on the presence of an 
excess of one solvent or the other. 


In conclusion, we consider it necessary to point o out that the use of DPPH as a standard in the determination 
of the number of paramagnetic centers in different substances requires great care, It is obviously necessary to 
agree that the DPPH preparation to be used as a standard in the determination of the number of paramagnetic 
centers is to be prepared using a specific solvent, er for — under conditions strictly specified for 
the entire synthesis cycle, 


When the synthesis of the DPPH is carried out using other solvents, all details of the experiment (amount 
of solvent, temperature, etc.) should be given; otherwise, an experimenter will obtain diverse data, 
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HYDROGENATION OF FURFURYL ALCOHOL OVER - 
SKELETAL NICKEL CATALYST 


Bezverkhova and Academician AN ‘Kazssr 
V. Sokol*skii- 


In connection with the great practical value of furan compounds [1], the catalytic hydrogenation of such — 
compounds has been studied by a whole series of authors. It has been shown that the course of the hydrogena- 
tion and the final products depend on the experimental conditions and the nature of the catalyst, At ordinary 
temperature and pressure, the hydrogenation proceeds stepwise or directly to the tetrahydrofuran compounds; un- 
der vigorous conditions, rupture of the furan ring takes place, and the — ends with the formation of 
alcohols, phenols, or saturated [2-5]. 


TABLE 1 Nickel catalysts, osiniiating skeletal nickel, re- 
; duced the double bonds of the ring [6, 7], while copper 
Medium and palladium catalysts reduced functional groups inside 
| chains without hydrogenation of the ring [8). 
Temp. °C Knactisa tas a The aim of the present work was a kinetic and po- 
ml H;/ min. tentiometric [9] investigation of the hydrogenation of fure 
8 26lsoles3 furyl alcohol over skeletal nickel catalyst to determine 
20 3.6 | 4.6 | 7.6 the dependence on temperature (8, 20, 40 and 60 deg) 
40 4,6 
"8 = the solvent (0.1 N water, and 96% 
Activation energy 
in cal./mole — 3380 | 5900 | 6700 The skeletal nickel was prepared by the usual meth- . 


od, washed under conditions excluding contact with air, 
and, prior to an experiment, saturated with hydrogen in a 
bomb containing 15 ml of solvent until the potential of 
the reversible hydrogen electrode was reached. . 


Under our conditions, furfury] alcohol added two moles of hydrogen, thereby being hydrogenated to tet- 
rahydrofurfury] alcohol; the reaction rate was proportional to the amount of catalyst, and, during the first half 
of the hydrogenation, the rate didnot depend on the weight of the alcohol, Figure 1 and Table 1 present the © 
results of the hydrogenation of 0,15 ml of — alcohol in the presence of 0.31 g of skeletal nickel at differ- 
ent temperatures, 


The hydrogenation rate was greatest in ethyl alcohol; the addition of hydrogen proceeded somewhat more 
slowly in water, and the lowest reaction rate was observed in the base, An increase in the temperature accel- 
erated the reaction, 


Like the rate, the change in the potential of the catalyst during the course of the process depended iat the 
medium; the change was the least in the base (56-36 mv at diffcrent temperatures), was greater in water (80- . - 
120 mv), and was the greatest in alcohol (130-190 mv). ; 


The reduction of the furfuryl alcohol proceeded on the surface of the nickel, which was substantially filled 
with hydrogen, since the over-all decrease in potential did not exceed QZ v,. The dependence of the reaction rate 
on the absolute potential decrease in the different media permitted the conclusion that the hydrogenation process 
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Fig. 1. The effect of the solvent and of temperature on the hydrogenation of furfury! 
alcohol in the presence of skeletal nickel catalyst; a) 0,1 N NaOH; b) H,O; c) 96% 
C;H,OH, 1) Experiments in basic medium; 2) in water; 3) in alcohol, AV,/ At reaction 


rate; > — half-sums of the volumes of absorbed hydrogen for two successive 


measurements; U- catalyst potential relative to the reversible hydrogen electrode in 
the given solution, 
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TABLE 


Expt, No. ratein| |ratein| 4, 
ge 


m 
Hydrogenation | 2,2 | 3,0 | 31,8 | 2,0 | 64,2 


is here controlled by the rate of activation of the furfury] alcohol, Indeed,the more the catalyst potential is re- 
moved from that of the reversible hydrogen electrode, the more the catalyst surface is freed from adsorbed hy- 
drogen, the greater the number nae centers which are ex:posed for activation of the mneieipte a and the higher 
the reaction rate, - 


From the course of the potential curve, it is possiitle to estimate the rate of restoration of hydrogen on the 
surface of the skeletal nickel during the reaction. At = and 20 deg, this process proceeds significantly more ra- 
pidly in water or alcohol than in basic solution, Howewer, in these same solvents the catalyst is more tempera- 
turessensitive, At 40 and 60 deg, the catalyst potentia2 does not return to that of the reversible hydrogen elec- 
trode; this may possibly be explained by activated adsarption of the functional — of the furan _ which 
proceeds more readily at elevated temperature, 


The activation energy calculated from the kinecic data also depends on the medium and the catalyst po- 
tential, and is in good agreement with. the previously proposed relationship between potential decrease, the — 
degree of filling of the surface by hydrogen, and the activation energy [10]. _ 


The solvent in which the hydrogenation of furfurx] alcohol is carried out has a strong inflaence © on the con- 
stancy of catalyst activity in a series of successive expeximents using the same portion of skeletal nickel, This 
is explained by the the effect of the medium on the adsorption of reaction products, and this effect can be esti- 
mated from the-ratio of the adsorption coefficients of fiurfuryl alcohol,B,, and of tetrahydrofurfury! alcohol, Bg; 
this ratio is found from theLangmulr equations constructed on the basis of the data of Table 2 for the first and © 
second experiments, .the velues for the time when the rirehasiettod had apeonernche to the extent of 25% oe 
taken 


ate 
+ BiCs” 
Here, C, is the initial concentration of the furfury] alcohol, C, and C, are the concentrations of furfuryl 


alcohol in the first and second experiments, These ccmcentrations are expressed in terms of the volumes of hy- 
drogen required for reduction of the given amount of aicohol, 


The ratio B,/ B, shows that in an alcohol medium the furfuryl alcohol is adsorbed to the same extent as its 
reduction product; the latter, therefore, strongly reduc:ss the catalyst activity, In water and in the basic medium, 
the adsorption of tetrahydrofurfuryl alcohol is less tham the adsorption of the starting material by factors of 3 and 
T,respectively; therefore, the activity of the skeletal mickel is more stable in these cases, 
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THE ACTION OF HYDROGEN PEROXIDE ON TROPYLIUM SALTS 


A NEW CONTRACTION REACTION THE RING. 


M. E. Vol’pin and Corresponding. Member AN SSSR 
D. N. Kursanov 


Institute of Heteroorganic Compounds Academy of else USSR | 


The literature describes a number of examples of the rearrangement of tropone and tropolone derivatives 
under the influence of cationic reagents [1] Benzene derivatives with the same number of carbon atoms as the 
original compound are formed in all of these cases. Tropylium salts undergo an analogous conversion. They 
are converted to benzaldehyde PY the action of oxidizing vy " chromic acid, silver oxide (2), and chloro- - 


platinic acid [3]. 


TABLE 1 We found that the interaction of salts 


: _ with hydrogen peroxide leads to contraction of the seven- 
Initial Amount ~membered ring, the reaction proceeding in a direction 
substance | in moles % CH Br different from those indicated above, 
C:H2*Br- 0,0780 100% A rapid exothermic reaction occurs when solutions 
H 0,0780 100% of equimolar amounts of the tropylium salt and hydrogen 
perioxide are mixed, The major products of this reaction 
HCOOH 0.0390 50,0% are benzene, carbon monoxide, formic acid, and hydrogen 
C,H,CHO (~1,0%) bromide (see Table 1). In addition, very small amouns 
CH,OH 


of benzaldehyde and phenol are formed, 
The reaction thus proceeds mainly in two directions: 


Br 


We studied the kinetics of the first of these reactions (accompanied by the evolution of CO). It was found 
that the reaction proceeds at a high rate and obeys a second-order equation with a rate constant (at 20.05 deg, 


_ in aqueous solution) of 1,04 (4 0.03)-10* liter mole~!. minute™2A significant increase in the acidity of the me- 


dium (reaction carried out in the 1 N solution of sulfuric acid) only insignficantly decreased the reaction rate 
(rate constant 0,79- 10" at 20 deg). The apparent activation energy in the temperature interval 20-50 deg (see 
Figure 1) was 10,5 kcal./ mole, which is significantly lower than for typical _ reactions; the logarithm of 
the preexponential factor was 8,89, 


The reaction of tropylium salts with hydrogen peroxide is , probably not a radical reaction, This is apparent 
from the fact that the addition to the sulfuric acid solution of tropylium salts of equimolar amounts of iron sul- — 
fate (which promotes the radical decomposition of hydrogen peroxide and organic peroxides) not only does not 
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accelerate, but appreciably inhibits the reaction with 
hydrogen peroxide, The reaction rate drops by a factor 


of 2to 3, and a considerable excess of hydrogen peroxide 
Pa is required to force the reaction to completion, 
It may be proposed on the basis of these data that 
ST the first, bimolecular stage of the reaction proceeds by 
| the interaction of a tropylium fon with hydrogen peroxide 
to form the unstable hydroperoxide (D. 
OOH 


Fig. 1. Demendence of reaction-rate 
constant om temperature. 


That the tropylium ion (and not the undissociated salt) 
takes part in the reaction is confirmed by the fact that 
substitution of tropylium perchlorate for the bromide does 
not change in the course of the reaction, Moreover, the 
reaction ceases completely in weakly alkaline media, 
Le. under condircions such that the concentration of the wopylium ion is sharply decreased as a result of the re- 
action C;Hy + OH —C;H,OH. A transfer from aqueous to alcoholic solution accelerates the reaction by an a order 
of magnitude, anw this may possibly be connected with the lower solvation of the tropylium ion, 


It is possibice that the hydroperoxide I either decomposes directly into the reaction products or that it is 


first converted ta cation I by the usual. mechanism of ionic ne —— and the latter under- 
goes tar ‘benzene and the HCO*: 


HCO HT + CO: +H,0 HCOOH + Hf 


The favorable emergetics of the formation of the aromatic system of benzene would promote a convenion of 
this type. 


It would aitso be possible to propose that the reaction proceeds through the intermediate formation of tro- 
pone. However, tropone does not decompose to benzene and CO, and special experiments showed that it does 
not react with hyatrogen peroxide under those conditions under which wopylium salts react, For the same reasons, . 
the reaction does not proceed through the intermediate formation of benzaldehyde, 


Thus, the ring contraction reaction studied in the present work is distinguished from other analogous reac- 
tions (for exampiie, ring contraction. in topolones or in derivatives of cyclooctatetraene) in that it proceeds with 
the simultaneous: tupture of two carbon = carbon bonds and with the formation of an unsubstituted benzene ring, 
In this respect, im can be compared to 1, 4-elimination reactions in certain bicyclic systems [5], for example: 


Coty 
Hy Hy 
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EXPERIMENTAL 


Reaction of tropylium bromide with hydrogen peroxide, A three-necked flask, fitted with a stirrer, a men Se 
ping funnel, and a reflux condenser (the upper end of which was connected to a buret for collecting the evolved © 
gas), was purged with nitrogen, and to the flask was charged a solution of 13,34 g (0.0780 mole) of tropylium bro- 
mide in 100 ml of water. 5% hydrogen peroxide was then added while the flask was cooled with cold water, After 
an ¢quivalent amount of hydrogen peroxide (~53 m1) had been added, the solution did not contain tropylium bro- 
m/ Je (negative test with chloroplatinic acid). Stirring was continued for another 30 minutes, and the reaction _ 
mixture was then extracted with n-octane (which had first been distilled in a column). The ~iesacu of the | 
aqueous solution (A) is described below, 


The organic extract was washed with water, a 10% solution of NaOH, and again with water, éried with t mag- 
nesium sulfate, and distilled in a column 3 aad 10 theoretical plates. nena 4.90 g of benzene was obtained - 
with a b.p. of 79.6-80,1 deg/ 746 mm, nb 1.5005. 


Found %: C 92,14; 92.12; H 7.71; 7.81 C 92,2; H 7.74 


The intermediate fraction (0,95 3). b.p. 80,1-223 deg, nb 1,41%3, contained another 0.12 g of benzene (deter- — 
mined refractiometrically and calculated on the basis of a binary mixture of benzene and n-octane). The over-all 
yield of benzene was 5.02 g (82.5%). ; ; 


The benzene was identified by its ultraviolet spectrum and by nitration (with a a mixture of sulfuric andni- = — 
tric acids) to nitrobenzene, which was then converted to aniline by reduction with zinc dust and HCl, The result- - 
ing aniline was converted to benzanilide, m.p, 160-161 deg; literature value, m.p. 162 deg; a mixture with 6:'s 
_ known sample showed no depression of the melting point, 


The aqueous solution (A) was steam distilled, The distillate contained 0.0390 mole of formic acid sia 
mined by titration of an aliquot portion with potassium permanganate). The formic acid in part of the distillate 
was identified by conversion to the p-bromophenacyl ester, m.p. 141-142 deg; literature data, m,p, 142 deg; a 
mixture with a known sample showed no depression of the melting point, 


The 1000 ml of gas (at 746 mm and 19.6 deg; collected over saturated NaCl solution) evolved rae the 
reaction contained 98,6% CO and 1.4% O,; the latter was eat formed by partial cna of the hy- 
drogen peroxide, 


Reaction of tropylium perchlorate with hydrogen peroxide. To 9.8 g (0. 05 mole) of tropylium perchlorate 
was gradually added, with cooling, 8 ml of 25% hydrogen peroxide in 30 ml of water; the reaction mixture was 
extracted with ether, The ether extract was washed with a 10% solution of alkali (see below for treatment of the 
alkaline extracts) and with water, dried with magnesium sulfate, and distilled, 


2.8 g (72%) of benzene was obtained; b.p. 79. 7-78.1 deg, nb 1,5005, a 0. 8748, 


The residue from the benzene distillation was dissolved in alcohol, and the additionof an alcoholic solution 

_ Of 2, 4-diniuwophenylhydrazine precipitated 0,11 g (1% calculated on the tropylium salt) of the 2 4-dinitrophenyl- 
hydrazone of benzaldehyde, m.p. 237 deg; literature value, m P- 237 deg; a mixture with a known sample showed 

no depression of the melting point, 


The alkaline extracts were evaporated to a oui volume, acidified, and treated with a solution of iodine 
in potassium fodide and soda. 0,11 g (0.1%) of tritodophenol precipitated, m,p, 157-158 deg; literature value, - 
157 deg; a mixture with a known sample showed no depression of the melting point, 


820 ml of CO (740.4 mm and 20,7 deg, collected over saturated NaCl solution) was } eveives aiding the re- 
action; this is equivalent to 0,031 mole (6%), 


INVESTIGA TION OF THE REACTION KINETICS 


‘Aqueous solutions of equimolar amounts of hydrogen peroxide and tropylium bromide were placed in a 
thermostatted bomb and vigorously agitated (200-240 complete oscillations per minute), The reaction rate 
was followed by measuring the amount of gas (CO) evolved, It was first shown that the amount of gas formed 
(during the agitation) was proportional to the amount of material reacted, Rate constants were calculated using 
the equation: 


| 
= 399 


t= 


where x is the ume from the beginning of the reaction, Vg is thé total amount of gas evolved during the reaction 
(determined experimentally in each experiment), Ve ts ™ amount of ili evolved ied to time t, and Cy is the ini- 
‘tial concenwation of the reacting substances, 


The value of » from the beginning of the cesettcn to 60-70% conversion was used in the determination of 
k, The values of the apparent activation energy and preexponential factor were determined over the temperature 
interval 10-50 deg, and were calculated by the method of least ee: 
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SIMULTANEOUS DETERMINATION OF C, H, F, AND Cl : 
IN HALOGENATED HYDROCARBONS BY A MICROANALYSIS METHOD < 


Zinta, 8. Churmanteev, A. V. Gubanova 
and A. D. Verina 


Karpov Physicochemical Scientific Institute 
(Presented by Academician S, S, Medvedev) 


A series of investigations have been devoted to the question of the determination of the percentages es 
C, H, F, and Cl in halogenated hydrocarbons by combustion in a stream of oxygen. N, S. Nikolaev determined 
three elements (C, H, F) [1], and Teston and McKenna [2] also determined three elements (C, F, C1). They 
considered the simultaneous determination of four elements to be impossible in actual practice. M. O, Korshun, 
N. E, Gel’man and K, L Glazova [2] showed that it is possible to determine four elements, but the method which 
they employed for the determination of fluorine was complex; therefore, it was difficult to obtain reproducible 
results, Proposed methods employing separate determination of the elements have no advantage, since the total _ 
time required for the determination of four elements will not be less than that required for the simultaneous de- 
termination of C, H, F, and Cl, while the amount of material required for an B analysis in the first case will be 
four times longer than in the last case, 


Fig. 1. 1) Oxygen cylinder; 2) drying agent; 3) furnace for combustion of volatile hydrocarbons 
over platinized asbestos at t = 485<500°; 4) tubes for absorption of H,O and CO,; 5) gas burner for — 
combustion of sample; 6) quartz tube, d= 12mmJZ = 650 mm; 7) furnace at t° = 1050-1150°, d= __ 
15 mm, 2 = 200-220 mm; 8) vessel containing 98% H,SO, for absorption of H,O; 9) tube containing 
metallic Ag for absorption of Cl, d = 10-11 mm, J = 110 mm; 10) furnace at & = 400°2 3, d= 15 
mm, J = 110 mm; 11) tube containing KF for absorption of SiF,, d = 10-11 mm, zg = 140 mm; 12) 
furnace at t® = 240° 5°, d= 15 mm, 2 = 100 mm; 13) tube containing anhydrone Mg(ClO,), for 
absorption of H,O; 14) tube containing ascarite for absorption of CO,; 15) drying agent; 16) water | 
aspirator (dimensions of vessels 13, 14, 15 and 16 were measured by M, O, Korshun [4]); 17) mea- 
suring cylinder for determining the rate of flow of oxygen from the volume of water discharged. 
The oxygen flow rate was usually 10 ml per minute, 


401 


The present work established that the simultaneous determination of all of the elements by determination 
of the weight increase of absorption vessels is actually possible, The proposed method, which was developed on 
the basis of the work of M, O, Korshun and co-authors [3, 4], permits the detesmination both of C, F and Cl in 
halocarbons and of C, H, F and Cl in halogenated hydrocarbons using liquid or solid samples, 


The general plan of the apparatus is shown in Figure 1, 


It was shown experimentally that the length of the 
absorption vessels (9, 11), the temperature of the fur- — 


9, 2 ys ee haces, and the oxygen feed rate are interdependent, The 
Most restricting facto were the length and weight of the 
ae 0.— absorption vessels, the temperature stability of the fur- 
naces (7, 10, 12), and the chemical purity of the metal- 
Fig. 2 1) Quartz tube (6); 2) quartz cell; lic Ag, the KF, H,SO, SiO, quartz tube (6), and the 


3) quartz ampoule containing sample, quartz ampoules and cell for holding the sample, In or- 
i. der to maintain stable temperatures in furnaces (7, 10 
; and 12), the furnaces were connected to a voltage reg- 
ulator, Temperature measurements were made with an accurately calibrated thermocouple when the sample 
holders were in the furnace, 


The KF was prepared by calcining c.p? KHF, for several hours at 459°; he material was then ground, and 
a fraction with a particle size of d= 1-2 mm was collected, C.p. H,SO, was distilled twice, and average samples 
taken, The metallic silver was in the form of a screen of fine wire, the purity of which was 99.99%, The joins 
of vessels (8, 11) were lubricated with a fluorinated grease which was stable to the action of oxygen and fluorine 
at temperatures above 100°, In order to ensure complete combustion, a small roll of crimped platinum foil 50-60 
mm long was placed in quartz tube (6), and the platinum was followed by finely crystalline a for more a 
conversion of F and HF to SiF, | : 


It should be noted that sample combustion had a substantial effect on Ge analytical results, The most re- 
producible results were obtained when the sample was first gradually pyrolyzed by means of gas burner (5). and 
the charred residue then burned by gradual calcination with a soldering torch. 


When liquids with boiling points up to~180° were analyzed, they were placed in quartz ampoules, and, 
without sealing the end of the ampoule, weighed,* and then placed in the quartz cell as shown in Fig, 2, Higher 
boiling materials were placed directly in the quartz cell (Fig. 2 2). 


In some cases, the blank combustions showed that there was a weight increase of 5-1075 g in vessel (8) 
containing H,SO, and a decrease of 10-12° -10-§ g in vessel (11) containing KF with a corresponding increase in 
the weight of vessel (13) containing Mg(C10q)3; therefore, in determining the — compositions, correc- 
tions were used in the calculations. 


Determination of the percenta ge contents of the elements consisted of the following operations: 1) 20-30 
minutes heating up the apparatus; 2) 30 minutes for blank combustion; 3) 30-45 minutes cooling the vessels; 4) _ 
10-15 minutes weighing; 5) 20-30 minutes heating the vessels; 6) 5-8 minutes purging quartz tube (6) and ves- 
sels (8, 9, 11) with oxygen after placing the sample for combustion in the qua:tz tube, Vessels (13, 14) were 
then connected into the apparatus; 7) 40-45 minutes for combustion of the samples; 8) 30-40 minutes purging 
with O,; 9) 30-40 minutes cooling; 10) 10-15 minutes weighing. 


In order to determine the weight increase more accurately, all of the absorption vessels were tared; the 
weight increase could then be determined by means of the scale and rider orly. The gross weight of each ab- 
sorption vessel did not exceed 12-14 g, The results of analyses of several substances are presented in the table, 


As may be seen from Table 1, the proposed method is suitable for all substances boiling above 47°, It 
should also be noted that this method permits the percentage contents of the elements (H, F, Cl) in various com- 
binations with carbon to be determined without changing the system of the apparatus of Fig. 1, It appears that 
_ this method can also be used for the analysis of gaseous substances under conditions such that the rate of flow of 


© It was established that with the small capillary openings of the ampoules, there is eats no loss in weight 
were period of 10-15 minutes, even for liquids boiling at 50°, 


Chemteally pure, 
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TABLE 1 
Determination of the Contents of C, H, F, and Cl in Halogenated Hydrocarbons _ 


Content, % Empirical formula 
from percentage 
ratios of the 
elements 


ple 


tal 


Found 

| = 
Calc. 


=. 


3333 
AA AA 


=, 


a3 


= 


= 
& 
= 


SE 


C,11,F,Cl 


=, 


Bree som 


3 
x 


0,00615 


BRRSEE 


#8 


Oxygen content difference 


gases equals the rate during the combustion of liquid and solid substances Le. sample weighing 5° 8 must. 
be uniformly fed to the combustion over a period of 40-50 minutes. : 


We consider it to be our duty to express our deep appreciation to Corresponding Member AN SSSR Pitaiade * 
K, A, Kocheshkov and to E, M, Panov for counsel _ cman’ during. the epi ies the present work, 


LITERATURE CITED 
{1) N. S. Nikolaev, Bull. Acad. Sci, USSR, Div. Chem, Sci., No, 4, 309 945), 
[2] R. OD. Teston and F, E, McKenna, Anal, Chem., 19, 193 (1947), | 
[3] N. E. Gel’man, M, O, Korshun and K, L Glazova, Proc, Acad. Sci. USSR, 111, 1255 (1956). 
[4] M. O, Korshun and N, E, Gel’ man, New Methods of Elemental Microanalysis, Moscow, 1949, . 


- Received February 18, 1959 


H 
lo | 41,90 | 41,92 | 2,17 | 2,48 
= CH.Fs Jo, 00688 | 69.77 | 70,13 | 5.19 | 5,20 : 
00808 | 45,43 | 45,18 | 2.37 | 2,35 
0,00635 | 50,03 2,10 
| 50,02 | 50,00 | 2,08 | 2,08 
42,35 1,30. 
42,33 | 42,38 | 41,32 | 4,32 
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THE EFFECT OF THE ADDITION OF ALKALI ELEMENTS ON 
THE CATALYTIC PROPERTIES OF eens ALUMINA CATALYSTS” 


Academician B. A. Kazanskii, M. 1. Rozengart and 
Z. F. Kuzmetseva 


D, Zelinskii Institute of 


It is well knowm that the incorporation of small amounts of potassium and cesium into chromia-alumina 
catalysts increases the yield of valuable products in the aromatization of paraffinic hydrocarbons [1]. However, 
the literature contains no reliable information on the effect of other alkali elements on the catalytic properties 
of chromia-alumina catalysts. The present article is devoted to this question, It reports the results of an inves-_ 
tigation of the effect of the addition of equivalent amounts of lithium, sodium, potassium, rubidium, and cesium ~~ 
on the activity of two preparations (A and B) of chromia-alumina — with respect to the ee 
of n-heptane and the dehydrogenation of cyclohexane at 520°, 


It was found thaz the addition of lithium to our chromia-alumina <uiniins had saints no effect on the 
yield of aromatics from heptane, The introduction of sodium into catalysts A and B increased the yield of aro- 
matics by 8%, The promoting effect of the alkali elements increased further with potassium (increase in the yield 
of aromatics by 13 and 11%), reached a maximum with rubidium (21 and 19%), while cesium increased the yield 
by 9 and 13%, The promoting effect of the alkali elements was also Observed in the dehydrogenation of cyclo- 
hexane over these sare samples of catalyst. Since the catalysts tested did not decrease in activity over a period 
of 4 hours both with heptane and with cyclohexane feed (see also our _ previous article [2)), it follows that the 
yields of aromatics over the different samples reflect the change in their activity due to the addition of promoters, — 
and that the changes were not due to changes in scability with time during the course of the experiments. ) 


It should be poimted out that there is a great similarity between the effect of the different alkali elements 
on the dehydrocyclizazion of heptane over chromia~alumina catalysts and the effect of these same promoters on 
the dehydrogenation cd buteneover fron-magnesia Catalyst [3]. It is possible that this similarity is explained by 
the presence of a stage common to dehydrocyclization and dehydrogenation reactions of hydrocarbons, This stage 
could be dissociative adsorption on the catalyst of paraffin molecules or the saturated part of olefin molecules, 
activated adsorption with simultaneous deformation or dissociation of the bonds of those 
atoms of the molecule of hydrocarbon which participate in the reaction, 


The intoductiom of alkali elements into chromia-alumina catalyst increases the yield of catalysate; ta, : 
cracking of the hydrocarbons is decreased, This compels us to assume that in a chromia-alumina catalyst there - 
are active centers catalyzing cracking reactions and the polymerization of unsaturated hydrocarbons, which pro- . 
ceed through the formation of carbonium ions as in the classical case of silica-alumina catalyst, The action of — 
the addition of alkali elements is apparently to decrease the deposition of “coke® on the catalyst and, somegeesily 
to increase the stability of catalyst [4]. Since the alkali elements are catalysts for the oxidation of carbon (5) 
and “coke” by steam [3], it would be expected that the introduction of alkali elements would decrease the re- 
generation temperature of the catalysts thereby increasing their stability, L.e., lengthening theis life, On the 
other hand, the presemce of alkali elements decreases the thermal stability of chromia-alumina catalysts [4]. 
Thus, the alkali elements apparently have a combination effect on the catalyst during aromatization - hydro- 
carbons, the different — of which are still not sufficiently clear, 


EXPERIMENTAL. 


The experimental method and the apparatus used in 


ug the present investigation were the same as in our previous 
Se eget _ work [2), The hydrocarbons had the following constants: 


¥ & 
- 760mm ; : 
| “Cyclohexane 80.71.4280 —— 
5 n-Heptane. 98.4 1.3878 0.6834 — 
= Catalysts A and B, on which the promoters were deposited, 
wheal niche had the same composition (15 mole % chromium oxide and 


85 mole % aluminum oxide), but they differed somewhat in 
Pig. their method of preparation. Each of the preparations of 
catalysts A and B was divided into portions of equal weight, 

1) Catal va - which were then impregnated under uniform conditions with 
a temperature 530°. 2) pei alyst eggs “Si solution of the desired element, the solutions being used 
temperature 520°; 3) ¥ said ob edin phos in amounts such that the promoted catalysts had the following 
composition: 2.6 mole % alkali element oxide, 14,6 mole % 

8 —— chromium oxide, and 82.8 mole % aluminum oxide, The 
catalyst samples were dried, heated to the temperature of the | 
experiment in a stream of air, and activated by passing hy- 

drocarbon over the catalyst at the temperature of the experiment for a period of 2 or 4 hours with subsequent re- 
generation, The contents of aromatic and unsaturated hydrocarbons in the nap ne reaction products were mentees 
by methods described previously [2]. 


Aromatization of heptane, we cated out two series of experiments on the, aromatization of n-heptane, one 
with catalyst A and the other with catalyst B, The first series of experiments, with catalyst A, was carried out in 
parallel with the experiments on the dehydrogenation of cyclohexane in afurnace block designed to take two 
catalyst tubes simultaneously. This method of carrying out the experiment provided assurance that the observed 
difference in the effects of the various members of the alkali element group on both reactions was not due toa 
difference in temperature. These experiments, which were of 4 hours duration with catalysts A, were carried out — 
at 520° at a space rate of 0.35 hours~; 20 ml of catalyst A was used in each run, The results of the experiments 
are presented in Table 1 and in Figure 1, The introduction of sodium into catalyst A increased the yield of aro- 
matics from 44 wt, % (unpromoted catalyst) to 52, the introduction of comment — to 5T, of rubidium — to 65, 

_ and of cesium — to 53%, 


The second series of experiments was conte’: out at 530° and a space rate of 0.35 ar using catalyst 
samples prepared from catalyst B (20.ml), after which, experiments with cyclohexane were carried out over these 
catalyst samples, The yield of aromatics with catalyst B (see Table 1 and Figure 1) was 61 wt, J re 


‘ With the introduction of lithium, the yield of aromatics was unchanged (60%); the addition of sodium in- 
creased the yield to 69%, potassium — to 72%, rubidium — on the average of 76%, cesium — to 74%, 


Figure 1 also shows the relation between the yield of butadiene from butene and the alkali element used as 
the promoter for a copper-containing iron-magnesia catalyst (3). The great similarity of this relation in the de- 
hydrocyc"ization of heptane to that in the dchydrogenation of benzene is evident from a comparison of the course 
of the curves in Figure 1, 


Aromatization of cyclohexane, ‘Two series of eapecnene. were also carried out with cyclohexane, The 
first series was carried out at 520° and a space rate of 0.8 hours”? using catalysts prepared by the deposition of 
the salts on catalyst A (10 ml for each catalyst), Two experiments, one directly after the other withcut regenera- 
tion, were carried out with the unpromoted catalyst and with the potassium- and sodium-containing catalysts. 
The yields of aromatics in these experiments (see Table 2 and Figure 2) were practically the same, which indi- 
cates the absence of catalyst poisoning, The yield of aromatics was 30 wt, % with unpromoted catalyst A, while 
with the promoted catalysts, it averaged 35%; the experinicntal scatter of the results did not exceed 2 Ze, We 
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TABLE 1 - 


Aromatization of Over Chromia-Alumina Catalysts, Temperature: 
520° with Catalyst A, 530° with te B; Space Rate 0,35 hours"*, 


| 
Br 
Expt. |Catalyst Promoter. . 


; cataly- 
No. y 


Yield, wt.% 


| | 


A Without promoter 
Na 


Rb 
Cs 


Without, promoter 


TABLE 2 : 
Aromatization of Cyclohexane; Temperature, 520°; run time, 4 Hours, . 
Yield, wt. % 


of |B 


No. catalyzate |yzate 


Over chromia-alumina at 


catalyzate | aromatics | unsaturates ~~ 


=u 


3 
6 
8 
0 
12 


ID 


‘Over catalyst 
Without 4, 
41,4800 


"Space rate, 0.8 hours", carried out the preceding with- 
out regeneration, * Experiment carried out for : — after the preceding experiment 
without regeneration, ‘ Space rate, 0,35 hours! * Fresh portion of catalyst, 


decided to obtain a higher yield of aromatics when casying out the second series of experiments, with catalyst 

B, With this aim, the experiments were carried out at a space rate of 0,35 hours~! (20 ml of Catalyst) and a tem- 
perature of 520°, The yield of aromatics with unpromoted catalyst B was 70 wt. %, and it averaged 75% with the 
promoted catalysts (see Table 2 and Figure 2), The variance among the data of this series of experiments was - : 
+ 3,5%, Thus, the increase in the yield of aromatics attributable to the use of promoted catalysts in place of un= 
promoted catalyst was 5% for both catalyst A and B, 


It should be pointed out that the yields of unsaturated hydrocarbons in experiments with tapes of 
promoted catalysts were lower than in experiments with unpromoted samples (see Tables 1 and 2), both with 
heptane and with cyclohexane, However, the alkali) element, with the exception of lithium, are promoters for 


| unsatu- 
rates 
1.4562 13:6 
41,4580 | 43/8 8.5 
1,4545 10,4 : 6,4 2 
Same 1,459) 15,76 | 
Li 41,4589 16,40 
10 Na 4665 2 1,2 
12 K 1.4728 7 48 
13 Rb 154780 5 3.6 
15 Cs 154720 3:3 
| 
aa 
3 : 1,2 
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the dehydrogenation of those hydrocarbons which, by vir- 
tue of their structure, are incapable of dehydrocyclization 


3, 4). This difference can apparently be explained on 
- the basis that the unsaturated hydrocarbons formed from 
heptane and cyclohexane are converted to aromatics at a 
Sw still greater rate, It is possible that there is also apparent 
E sat >... here the effect of the hydrogen and aromatics formed on 
$ P) ra the thermodynamic equilibria of the systems heptane - 
heptene [6] and cyclohexane ~ cyclohexene, The assump- 
tion follows that in chromia-alumina-catalyzed dehydro- 
genation reactions of paraffins containing not more than 
- Without promoter five carbon atoms in the longest chain, the alkalielements 
Fig. 2 Yields of aromatics from cyclohex- = _— promote the dehydrogenation reaction, . 
ane over chromia-alumina catalysts promo- : 
ted with alkali elements, Experimenttem- __ : LITERATURE CITED | 
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POLYMERIZATION OF VINYLAROMATIC ORGANOSILICON COMPOUNDS > 


Corresponding Member AN SSSR V. V. Korshak, A. M, Polyakova, 
A. A, Sakharova, Corresponding AN SSSR A. Petrov 
and E, A, Chernyshev 


Institute of Heteroorganic Compounds of Sctences USSR N, D, Zelinskii 
Institute of Organic Chemistry Academy of Sciences USSR 


We have previously investigated the polymerization activity “ vinylaromatic organosilicon compounds 
containing a silicon attached to a carbon of the macanas ring i Retr 


RSi<—S = R=GH,; CH, 


Glassy polymers were obtained, and their properties were determined, The present communication describes the 
polymerization of vinylaromatic compounds which are derivatives of wai 4 containing a silicon attached 
to the benzene ring through ee groups: 


_ m= iand 2 
R= 


The polymerization was carried out under a pressure of 6000 atm, in the presence of radical-type initiators, 
azobisisobutyronitrile (ABN) and tertiary butyl peroxide (TBP), A comparison of the results of the polymerizations 
carried out with ABN and TBP shows that the polymerization proceeds at a higher rate in the presence of an 0,3 
mole % concentration of azobisisobutyronitrile at a temperature of 80° than in the presence of a 1 mole % concen= 
tration of tertiary butyl peroxide at 130°. Correspondingly, polymers with a higher molecular weight were obtained 
in the first case (see Table 1), A comparison of the intrinsic viscosities of polymers of ethene Ai ticiad and of © 
silicon derivatives of a-methylstyrene shows that the viscosity decreases from 


= CH, polymer to = CH, polymer, 
then further decreases to: a 
= CH, and = CH, polymers, 
| 


The thermomechanical properties change in the same order (see Figure 2). 


| 
° 


TABLE 1 
Polymerization of AME its Derivatives Under a Pressure of 6000 Atm, 
6 Hours 
Polymer 
Expt. 4 
Monomer jini, yleid,% | 
mole % mes 
CoHsC(CHs) == CHy ABN | 0,3 | 80 | 820/443 
CG.H,C(CHs) TBP -| 4,0 130. 68,0 | 0,52 
3 (CHs) == ABN 0,3 80 64,0 | 0,92 
4° (CeHs)s SiC,H,C (CHs) = CHy TBP 1,0 120 49,4 | 0,46 
5 (CaHs)sSiCH,C,H,C (CHs) =- CH, | ABN 0,3 80 42,9 | 0,76 
6 (CeHs)sSiCHsC,H,C (CHs) = CHy TBP 4,0 130 14,6 | 0,30 
7 (CHs) | ABN 0,3 80 31,9 0,72 
8 (CyH5)sSiCH;CHsC,H,C(CHs)=CH, | TBP 1,0 130 17,6 | 0,26 
9 (CHs)sSiCH;C,H,C(CHs) = CH, TBP 1,0 130 | 20,0 | 0,44 


* Experiment carried out previously 11). 


6 
100 150 20 20° 
~ Fig. 2, Variation in deformation with temperature for 
° 2 samples of polymers prepared in the presence of ABN: 
1) (C;H,)3SiCH,CH,CgH C(CHy) = CH, polymer; 2) 
= CH, polymer; 3) (C3Hy)s 
SiC = CH, polymer; 4) Cg¢igC(CH,) = CH, 
Fig. 1. Intrinsic viscosity of polymers” , EXPERIMENTAL 


prepared in the presence of ABN: 1) a % 
C4H,C(CH,) = CH, polymer; 2) The monomers were synthesized by methods pre- 
viously developed by us [2]. Investigation of the polym- - 
SiC gH,C(CHs) = CH, polymer; 3) (C;Hs)3 
erization was carried out under previously describoa 
SiCH,CgH = CH, polymer; 4) A 
(CyH,)3SiCH,CH,C,H,C(CH,) = CH standard conditions [1]. About 2 ml of monomer was 
charged to each ampoule. The polymerization products 
f = were purified by reprecipitation from benzene with methyl 
alcohol, and were dried to constant weight at 50° under 
vacuum, After segehtiatnichins the polymers prepared in the presence of azobisisobutyronitrile were colorless 
fibrous products, while the polymers prepared with tertiary buty] peroxide were powders, All of the polymess 
corresponded in elemental composition to the formulas of their respective monomers, 


The results of the experiments under pressure are presented in Table i. Formation of polymer was not de- 
tected in experiments in which elevated pressure was not used, The relative viscosity of the polymers was mea~ 
sured with an Ostwald viscosimeter at 20° in toluene, The intrinsic viscosity was determined graphically from 
these data (Figure 1), The thermomechanical! curves were determined by the method of reference [1) and are 
presented in Figure 2, 
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A STUDY OF THE ADDITION OF TRIALKOXYSILANES TO OLEFINS 


N. S. Nametkin, Academician A. V. Topchiev, 
T. I. Chernysheva and L. I, Kartasheva 


Institute of Petrochemical Synthesis Academy of Sciences USSR | 


Up to the present time, there has been no information on the pussibility of adding trialkoxysilanes to ole- 
fins. In 1948, Pietrusza, Sommer and Whitmore [1] reported that triethoxysilane does not add to l-octene un- © 
der the influence of acetyl peroxide and ultraviolet radiation as reaction initiators, The single indication of the 
possibility of adding tiethoxysilane to olefins is to be found in a patent issued to Wagner [2]. . 


TABLE 1 | 
B.p. 
a 
Hg 
HSi (OC,H; 135 755 1 ,3788 

HSi ({so- 104 4 41,4025 | 0,8565 
HSi 105 2 41,4100 | 0,8884 
HSi hee H 70 2 1,4030 | 0,8668 
HSi (1so -OC,H»)s 103 3 1,4025 | 0,8664 
755 41,3969 } 0,8547 


HSi (tert 186 


We have shown that it is possible to add trialkoxysilanes to olefins by reacting triethoxysilane, tilsopro- 
poxysilane, tributoxysilane, ti(sec-butoxy) silane, and tri(tert-butoxy) silane with 1-nonene and 1-decene in the 


presence of chloroplatinic acid and of platinized carbon, The physicochemical properties of the initial tial- 
koxysilanes are presented in Table 1. 


TABLE 2 
MRp 

Compound ay =P. Yield, 

found |cale. | °C Hg 
Si -OC 41,4200] 0,8650 | 105,50 | 106,64 | 138—140 | 2 18,2 
Si 41,4280] 0,8747 | 106,40 | 106,64 | 455—158 | 2 
Si 4,4182/0,8827 | 82,87] 83,49 | 130—133 | 2 ‘41,4 
Collie Si -OCsHI2)s 4,4180]0,8589 | 97,57] 97,38 | 128—132 | 2 64,9 
CoHie Si 4,4208]0,8715 | 111,01 | 144,27} 164-166 | 2 | 43,4 
CyHypSigec 4,4270|0,8744 | 114,00 | 111,27 | 160-164 | 2 37,8 
CyHye Si (tert .-OCgHe)s 4,4232]0,8622 | 110,70 | 411,27 | 150—155 | 2 12,5 
Si -OCHe)s 41,4260]0,8700 | 110,40 | 114,27 | 175—176 | 4 78,4 
Si 4,4315]0,8710 | 445,30 | 115,90 | 167—170 | 2 65,2 
Cyollg; Si (tert -OCgH»)s 1,4260]0,8589 | 115,90 | 115,90 | 160—461 | 2 20,5 
794 
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TABLE 3 
“Product repared by addi- Product prepared by interaction 
tion react! a of alkyltrichlorosflame with alcoho} 


Formula 
0.858914 , 4180] 128-132] 2 | Si OCH 131-133] 2 0,851 


CioHn Si 172—173| 2 


In the presence of chloroplatinic acid, the addition of tialkoxysilanes to olefins proceeds with yields of 
30-40%, However, the addition of tri(ter-butoxy) silane to olefins proceeds with low yields (12%) owing to steric : 
hindrance, The physicochemical properties of the alkyltrialkoxysilanes prepared are presented im Table 2, = 


Decyltributoxysilane and nonyltriisopropoxysilane were also prepared by an alternate syathesis — by the in- 
teraction of nony ltrichlorosilane and wm the appropriate olefins: 


CaHisSiCls + 3iso-<CgH;OH C,HisSi 


As may be seen from the data of Table 3, the physicochemical properties of the alkyltria!xoxysilanes pre- 
pared by the addition of trialkoxysilanes to olefins were identical to those of the alkyltrialkoxysilanes prepared 
by the interaction of alkyltrichlorosilanes with alcohols, The Raman spectra of the noryltiisopropoxysilanes pre- 
pared by the two methods were also identical with respect to the number and intensity of the lines, 


The comparison of the physicochemical properties and spectra of the alkyltrialkoxysilanes prepared by ad- é 
dition and by the alternate synthesis “pone a basis for the assumption that the addition proceeds contrary to 
Markovnikov's 


HSi (OAIk)s + RCH = RCH — CH; — Si (OAlk)s. 


EX PERIMENTAL 


a) Addition of trialkoxysilanes to olefins in the presence of chloroplatinic acid. The addition of the ui- 
alkoxysilanes to olefins was carried out in a three-necked flask fitted with a stirrer, a reflux condenser, a ther- 


- mometer, and a dropping funnel, The olefin and a 10% solution of chloroplatinic acid in absolute isopropyl al- 


cohol were charged to the flask, The mixture was heated to 60°, and the trialkoxysilame was then added drop- 
wise from the dropping funnel at a rate such that the temperature in the flask did not exceed 100-110°, The re- 
action mixture was then heated for 2-3 hours at 100° and fractionated, 


The trialkoxysilanes were prepared by the interaction of trichlorosilane and the approprizte alcohols in 
solution in toluene in the presence of pyridine, 1-Octene, 1-nonene, and 1-decene were prepared by pyrolysis of 
the corresponding acetates at 450-500°; their properties were in agreement with the literature values, a 


Nonyltriethoxysilane, From 24.6 g (0.15 mole) of triethoxysilane, 18.9 g (0.15 mole) of 1-nonene, and 


1 ml of the chloroplatinic acid solution was obtained 18 g (41.4% yield) of nonyltiethaxysilane; b.p, 130-133° 


at 2mm. 
Found %; C 62,31; 62.16; H 11.90; 11.85 CyH,S10, Calculated %: C 62,30; H 11.80 
Nonyltriisopropoxysilane, From 30,9 g (0,15 mole) of triisopropoxysilane, 18.9 g (0,15 mole) of 1-nonene, 


and 1 ml of the chloroplatinic acid solution was obtained 32.3 g (64.9% yield) of b.p. 
128-132 at 2mm, 


Found %; C 65,23; 65,16; H 12,23; 12,16 CygHySiO,, Calculated % C 65.02: H12.11 


. 
J 
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The following frequencies were present in the Raman spectrum: 4321), 454(1), 624(0), 635(1), 66(3), 871(4-5), 
888(3), 894(3), 935(2), 1009(0), 10180), 1029(1), 1039(1), 1080(1), 1131(1), 1176(2), 1206(1), 1214(0), 1226(0), 
1308(3), 1333(2), 1356(3),-1387(0), 14120), 1450(110), 


Nonyltributoxysfilane, From 37,2 g (0,15 mole) of tributoxysilane, 18,9 g 0, 15 mole) of 1-nonene, and1_ 
ml of the chloroplatinic acid solution was 24.2 g (43.1% yield) of 164-166° 
at 2 mm, 


Found %: C 67.42; 67.31; H 12.42; 12,44 C 67.33; H12.51 


Nonyltri(sec-butoxy)silan¢, From 37,2 g (0,15 mole) of tri(sec-butoxy)silane, 18.9 g (0,15 mole) of leno- 
nene, and 1 ml of the chloroplatinic acid solution was obtained 21,2 g (37.8% Oar of nonylui(sec-butoxy)silane; 
b.p. 160-164" at 2mm, 


Found %; C 67.01; 66,92 12,23; 12.31 CyHySiOy, Calculated % C 67,33; H 12.61 


onyltri(isobutoxy)silane, From 37.2 g (0.15 mole) of triisobutoxysilane, 18.9 g (0.15 mole{ of i-neneti, 
andl of the acid solution was obtained 44 g (78,4% b.p. 
175-176" at 4. mm, 


Found: C 67.51; 67.41; H12.36; 12.39 CyHySiO, Calculated C 67, 33; H12,51 


Nonyltri(ter-butoxy)silane, From 37,2 g (0.15 mole) of tri{ter-butoxy)silane, 18,9 g (0.15 mole) of a 
nene, and 1 ml of the chloroplatinic acid solution was obtained 7 g (12.5% yield) of en 
_ bop. 150-155° at 2 mm, 


Found %; C 67.33; 67.39; H 12,30; 12,38 CuHgSiO, Calculated % 61.33; H12,51 


Decyltributoxysilane, From 25 g (0.1 mole) of tributoxysflane, 15 g (0,1 mole) of 1-decene, and 1 ml of 
the chloroplatinic acid solution was obtained 23 g (61.5% yield) of decyltributoxysilane; b.p. 167-171" at 2 mm, 


Found %: C 68,07; 67.94; H 12,39; 12, 43 CyHgSiO,. Calculated C 68.01; H12,45 


Decyltri(tert-butoxy)silane, From 25 g (0.1 mole) of tri(tert-butoxy)sflane, 28 g (0.2 mole) 1-decene, and 
1 ml of the ee acid solution was obtained 24 g (65% eagsad of en b.p. 160-162" 4 
at 2 mm, 
Found C 68,00; 68.02; H12,54; 12.40 C Hi gSiO,, 68,01; H 12,45 


b) Addition of trialkoxysilanes to olefins in the presence of platinized carbon, The addition of tributoxy- 
silanes to olefins in the presence of platinized carbon was carried out in sealed glass tubes which were placed in . 
aCarlus-type furnace and heated at 200° for 20 hours, 


Octyluributoxysitane. From 25 g (0.1 mole) of tributoxysilane and 22 g (0,2 mole) of 1-octene in the pres- 
ence of 0,1 g of Platinized carbon was obtained ' 1.6 g (21.1% yield) of octyltributoxysilane, B. . 160-163" at 
2 mm, 


Found %: C 66.47; 67.32; H 12;40; 12.46 Cully SiO,, Calculated %: C 66,60; H12,30 


Octyltri(tert-butoxy)silane. From 12,5 g of tri(tert-butoxy)silane and 11,2 g (0,1 mole) of 1-octene in the 
presence of 0,1 g of platinized carbon was obtained 3.3 g (18, 2h yield) of octyltri(ter~butoxy)silane; b.p. 138-140° 
at 2mm, 


Found %; C 65,92; 65.95; H 12,36; 12.30 CyH,ySiO, H 12,30 


Decyltributoxysilane, From 25 g (0.1 mole) of tributoxysilane and 28 g (0,2 mole) of 1-decene in the pre- 
sence of 0,1 g of platinized carbon was obtained 25 g (65.2% yield) of decyltributoxysilane; b.p, 167-170° at 2 mm, 


Foutd %; C67.87; 67.85; H1245; 12.51 CyHySiO, Calculated C 68,01; H 12,45 


Decyltri(tert-butoxy)silane, From 25 g (0.1 mole) of tributoxysilane and 28 g (0,2 mole) of 1-decene in 
the presence of 0.1 g of platinized carbon was obtained 7 8 (18% yield) of Pp. 160-164 
at 2 mm. 


Found %; 68,09; 67.94; H 12,43; 12,54 Cost gSiO,, Calculated C 68,01; H12,45 
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¢) Preparation of alkyltrialkoxysflanes by the interaction of alkyltrichlorosilanes with alcohols, 


Nonyltrlisopropoxysilane, 47 g (0,17 mole) of nonyltrichlorosilane was added, with stirring, to a mixture of 


150 mi of toluene, 56 g of pyridine, and 92 g (0.51 mole) of absolute tsopropyl alcohol, The precipitate was 
‘filtered, Fractionation of the —_ product 33.5 (56,2 yield) of nonyltriisopropoxysilane, 131-133° 


at 2mm, 
Found %; 65,20; 65.11; H 12,09; 12,34 SiO. Calculated th C 65.02; H1211 


The following frequencies were present in the Raman spectrum: (em">; 4321); 454(1); 624(0); 635(1); 
663); 871(4-5), 883(3), 894(3), 935(2); 1009(0), 10180), 1021), 103%1), 1131(1), 1176(2), 1205(1), 
1241(0), 1226(0), 1308(3), 1333(2), 13563), 138'7(0), 14120), 1450 and (10). - 


Decyltributoxysilane, 42 g (0.15 mole) of decyltrichlorosilane® was added, with stirring, to 100 ml of tol- 
uene, 48 g of pyridine, and 102 g (0,45 mole) of absolute butyl alcohol, The precipitate was filtered, Fractiona=- 
tion gave 39 g (66,2% yield) of decyltributoxysilane, B,p, 172-173° at 2 mm, 


Found C 67,94; 67.99; H12,31; 12.28 CyHgSiO,, Calculated % C 68,01; H12.45 


LITERATURE CITED 
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The nonyltrichlorosilane and were by the trichlorosilane to 1-nonene 
and 1-decene, respectively, in the presence of benzoyl peroxide [3]. 
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VISCOSITY-TEMPERATURE PROPERTIES OF HIGH-MOLECULAR- WEIGHT 
HYDROCARBONS OF MIXED STRUCTURE . | 


Sergienko, L. N. Kvitkovskii and Al, A, Petrov 


Institute of Geology and Development of Fossil Fuels Academy of Sciences USSR 
_ (Presented by Academician A, A, Balandin, January 13, 1959) ; 


The viscosity of hydrocarbons is one of the major properties directly connected with chemical structure, 
The change in viscosity with temperature is one of the most important performance characteristics of lubricat- 
ing oils, As investigations carried out in recent years have shown the hydrocarbons present in the lubricating-oil © 

. fraction of petroleum have a mixed (hybrid) structure, Therefore, it is very essential to trace the dependence of 
viscosity on the molecular structure of hydrocarbons of this mixed type and, in particular, to follow the nature of 
the changes in the viscosity~temperature relation, The effect of benzene, cyclohexyl, and cyclopentyl rings in- 

troduced into the paraffin chain on the viscosity~temperature relationship of hydrocarbons has been studied by 

Schiessler and co-workers [2, 3]. Hydrocarbons of the most complex mixed structure containing in the molecule, 

in addition to paraffin, cycloparaffin, and benzene structural units, condensed rings of the type of naphthalene, 

tetralin, and decalin have not been studied up to the present time, Furthermore, the high-molecular-weight frace 
tion of petroleum contains a considerable amount of such structural types. 


- 


TABLE 1 
Properties and Structures of Newly Synthesized bianca, 


Expt 
Hydrocarbon t) of | a? Method of preparation 


216 1,5200} 0.9005) Lauronaphthone + decy}-Mg Br 

2 |11-(a-Tetrahydronaphthyl}docosane 1] 218 | 1.4946] 0.8857] Hydrogenation of hydrocarbon No. 1 

|11-(a-Decahydronaphthyl Mocosane 220 | 1.4775] 0.8668] Hydrogenation of hydrocarbon No. 1 

4 |1-Phenyl-3-(a-naphthy] hexadecane 220 1.5550] 0.9568] From myristonaphthone and phenethyl- 

magnesium bromide 

5 }1-Phenyl-3-(a-tetrahydronaphthyl)- 220 1.5250] 0.9380) Hydrogenation of hydrocarbon No, 4 

hexadecane 

6 |1-Phenyl-3-(8 -decahydronaphthyl)- 218 1.5090 From myristodecahydronaphthone and phene- 
hexadecane thyimagnesium bromide 

hexa- | 223 | 1.5348) 0.9319 From myristonaphthone and 2-cyclohexyl-1¢ - 
decane ~ethylmagnesium bromide 


8 |1-Cyclohexyl-3-(a-decahydronaph- 225 =: {1.5040} 0.9105) Hydrogenation of hydrocarbon No, 4 
thy] hexadecane 


The aim of the present work was to fill in this gap, Fimst of all, {t was necessary to determine the effect 
of the number of naphthalene, decalin, and tetralin rings and their position in the molecule on the viscosity prop= 
erties of the hydrocarbon, For this purpose, hydrocarbons of the naphthalene, tetralin, and decalin series con- 

taining 32 carbon atoms in the molecule were synthesized, The properties of the newly synthesized hydrocarbons 
are presented in Table 1; the previously synthesized hydrocarbons have already been described [1). 


4 
+ 
4 
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t 
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Hydroe arbon 
= 20° | ue | | se | 
2. 111,0] 38,65] 16,45] 9,06] 5.66 | 3,87 | 2,42 | 2,99 
5 [1596 | 254.2 | 69,7 | 25,6 | 12,82 | 7,07 | 
6 sor | 47,7 | 11,3 | 38,4 | 47,08 | 9,50 | 5.81 | 3,98 
3 G54 135,3 | 44,3] 19,0 | 10,02 | 6,20 | 
so | | [16,00 | 9,59 | 5.0 | 
=) sano 485 97,50] 31,201 13,55 | 7,37 | | 
450 97,20] 34,50] 16,07 | 9,12 | 5,73 


12 2186 83,60 | 33,00 | 16,12 “9,55 6,22 | 4,41 
date 

13 Cu-C—C—C—C,H, 100,7] | 23,50] 10,0] 6,66 | 4.46 | 3,19 | 266 

4 33,8 2,8 %,8 16,60 9,2 5,8 3,@ 

45 63,1 | 26,2 | 12,13] 7.43 | 4,70 | 3,35 | 255 

16 54.00] 22,85] 7,40 4.78 | | 2,61 

17 | 49,5] 123,0 | 41,70) 49,30] 10,45 | 6.56 | 4.43 | 3,26 
1 


The hydrocarbons were synthesized by Grignard synthesis, The tertiary alcohols were dehydrated over pure 

i _ aluminum oxide at a temperature of 320° and a pressure of 1 mm Hg, Hydrogenation was carried out in the pres- 
ence of Raney nickel in an autoclave at a hydrogen pressure of 150 atm, and at a temperature of 70° for the double 
: bond and a temperature of 150° for hydrogenation of the naphthalene ring to decalin, Hydregenation of the naph- 
ie . thalene ring to a tetralin ring was carried out in the presence of copper~chromium catalyst at a temperature of 

: 200° and a pressure of 250 atm. The resulting hydrocarbons were distilled in a special packed column having an 
efficiency of 8 theoretical plates; following the distillation, which was carried out at a pressure of 0.3 mm, the 
hydrocarbons were additionally purified with aluminum oxide or silica gel, The viscosity of all hydrocarbons was 
measured at eight temperatures, using an Ostwald — Pinkevich viscosimeter with a capillary diameter of 20 = — 

- 0, 8 mm, The results of the measuremens are presented in Table 2, 


Replacement of ten carbon atoms of the paraffin chain by a naphthalene, tetralin, or decalin ring led to an 
increase in the viscosity by a factor of 2-3; further replacement of successive units of ten carbon atoms of the 
paraffin chain by, respectively, a naphthalene, tetralin, or decalin ring led toa — increase in the viscosity 
by a factor of approximately 8-17, 


| 

iy 


Number of 
Fig. 2 Variation in viscosity ratio. 
3 With the number of condensed 
bicyclic rings in the molecule, a) 


Number of rings ae 
Fig. 1. Variation in viscosity with the pape b) tetralin ring: 


number of bicyclic rings in the mole- 
cule, a) Naphthalene ring; b) tetralia 
ting; c) decalin ring. 


The introduction of naphthalene rings led to a shar- 
per increase in the viscosity than did the introduction of 
decalin or tetralin rings (Fig. 1). The introduction of the | 
first ring (naphthalene, tetralin, or decalin) into the paraf- 
fin hydrocarbon molecule caused little change in the viscosity — temperature curve, increasing its slope only slightly, 
while the introduction of the second ring led to a sharp increase in the slope of the viscosity — temperature curve, 
The sharp increase in the slope of the viscosity — temperature curve, particularly in the low-temperature —" . 
is characteristic of hydrocarbons containing two naphthalene rings in the molecule (Table 2 and Fig. 2. The 
location of the ring in the molecule also has an effect both on the magnitude of the viscosity and on the form 
of the viscosity — temperature curve, The highest viscosities were possessed by those of the hydrocarbons inves- 
tigated having a structure in which two naphthalene or decalin rings were attached to the same carbon atom. With 
the separation of one naphthalene or decalin ring from the cther, the viscosity decreased, and in addition the vis- 
cosity temperature curve became 3). 


TABLE 3 


y at 100° y at 100° 
(inc. stokes)! {inc, stokes) 


19,0 


Of particular interest are the least-studied, complex hybrid structures containing simultaneously naph- 
thalene or decalin rings and cyclohexane or benzene rings, It was found that when a cyclohexane ring was in- 
troduced into a molecul€ containing one naphthalene or decalin ring, the viscosity increased considerably tore - 
than when a benzene-ing was inwoduced (Table 4). In addition, the slope of the viscosity a cuzve - 
also increased. - 


No. | Hydrocarbon 

c—C—C,—C—C 15,10 6,45 Sa c—cC—C,—C—C 16,12 5,98 | 

| 
| | 


TABLE 4° 
110 Increase |Increase 
Expt. y 60° viscos- ratio 
No, stokes) v 100° Ree 


397 |. 2,23 
5,58 


6.64 


9,28 3,60 
6,3 
7,10 


10,45 


* The viscosity of hydrocarbon No, 1 was taken as 100% at 100. 
* © The ratio tyg/49q for hydrocarbon No, 1 was taken as 100%, 
[1] S. R Sergienko et al, Proc. Acad, Sci, USSR, 120, No. 3, 541 (1958). 
[2] R. W. Schiessler and R, D, Clark et al., Petroleum Refiner, 22, 120 (1943). 
BI Schiessler and C, H. Herr, et al., Proc, Am, Petrol. Inst, Sec. 10, 26, 254 (1946). 7 
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It 's well known that p-di-(2-chl oroethyl)-amino-6 -phenyl- a- alanine ("sarcolysine”) possesses high anti- 
tumor activity under both experimental and clinical conditions [1, 2]. It seemed to us to be of interest to syn- 


thesize and analog of sarcolysine, ~alanine (I), a derivative of a B-amino- 


The starting material for the synthesis of (D was 
(p-nitrophenyl)-8 -N-acetyl-8-alanine (I), which was prepared by the method of V. M, -Rodionov [3]. - 


Since the synthesis was the B-amino group blocked by an acetyl radical was accompanied by considerable 
difficulty and low yields, a second route, in which the B-amino group was blocked with a phthaloyl group, was 
studied; this method proved to be 


NHCOCHs R=GH, 
Il] R=NO,, R’=H gf co 
R= R’ = 1X Ree NO, 
IV R=NHy, R’ GH, R-= 
V R’ == R-= (HOCHsCHg): N 
VI R= R’ =GH, R -= (CICHgCHg)3N 


In the first method, the 8-(p-nitrophenyl)-8 - N-acetyl -§ -alanine (II) was esterified with a 2 N alcoholic 
solution of hydrogen chloride, The resulting ethyl ester of 8 -(p-nitrophenyl)-6 -N-acetyl-8 -alanine (3) (1ID 
smoothly reduced in ethyl alcohol in the presence of skeletal nickel to the ethyl ester of 6 -(p-aminophenyl)- 
-B -N-acetyl-B-alanine (1V), and the latter was converted to (1) through the following four stages without iso- 
lation of the intermediate products in the pure state: the action of ethylene oxide on (IV) in 2 N acetic acid 
gave the ethyl ester of 6-[p-di-(2-hydroxyethyl)-amino-phenyl] -6 -N-acetyl~6 -alanine (V), and from the latter, 
by the action of thionyl chloride, was obtained the hydrochloride of the ethy] ester of B { p-di-(2-chloroethyl)- 


[4] (VI). Refluxing of (VD with 20% HCl gave the of (D, 
‘ which was then converted to the base (I). 


4 = 


The yield of the final product amounted | to oho theoretical calculated on the beens B-N- 
~acetyl-8 - alanine (IV), 


In the synthesis by means of the second method, the starting material was the hydrochloride of B-(p-ni- 
trophenyl)-6- alanine (VI) [3], which was esterified by means of an alcoholic solution of hydrogen chloride; the 
resulting ethyl ester of 8 -(p-nitropheny!)-8 -alanine (VIM) was smoothly converted by successive treatment with 
phthalic anhydride and acetic anhydride [5] to the ethyl ester of 8 -(p-nitrophenyl)-8 -N-phthaloy]-8 -alanine 

. (1X). Hydrogenation of (IX) in the presence of skeletal nickel gave the ethy] ester of 8-(p-aminophenyl)-8-Ne - 
_. phthaloyl-8-alanine (X). Analogously to the conversion of (IV) to (I), and also without isolation of the inter- 
Mediate products in the pure state, the phthaloyl compound (X) was successively converted to; the ethyl ester of 
8 ~p-di-(2-hy -N-phthaloyl-8-alanine (XD [6], the ethyl ester of B-[p-di-(2-chloro= 
ethyl)-aminophenyl!}-8 -N-phthaloyl-6 ~alanine (XID, the hydrochloride of (J), and the base (I). The base was 
obtained in 48% calculated on the -B- (X). 


EX PERIMENTAL 


Ethyl ester of B-(p-nitrophenyl)-8-N-acetyl-B-alanine (IM), A solution of 10 g (0,04 mole) of 8-{p-ni- 
tropheny1)-8-N-acetyl-8-alanine (I) [3] in 100 ml of a 2 N anhydrous alcoholic solution of HCl was refluxed 
for 1.5 hours, and the alcohol was then conupletely distilled under vacuum, The residue was extracted with boil- 
ing benzene, and the colorless, crystalline precipitate which separated from the benzene solution was filtered off, 

_ 1.9 g (70.5%) of (I) was obtained; b.p. 121.5-126°, After recrystallization from alcohol, the material had an 
m.p. of 1255-128", Literature value, 123-124.5° (3). 


Ethyl ester of B+ p-aminophenyl)- 8-N-acetyl-8 ~-alanine (Iv). 6.6 g (0.023 snabis of the ethyl ester of 
8 -~(p-nitropheny])-8 -N-acetyl-8 -alanine (ILI) was hydrogenated at atmospheric pressure in 50 ml of ethyl alco- 
hol in the presence of 5 g of skeletal nickel, The theoretical amount of hydrogen was absorbed during 1.5 hours 
agitation of the mixture, The alcoholic solution was evaporated under vacuum, and the residue (5.8 g) was ground 
with 5 ml of ether with heating. 5.3 g (91. Lh) of colorless crystals with an m.p. of 72-78" was obtained by fil- 
tration, Recrystallization from a mixture of ethyl acetate and benzene gave colorless esedies with an m.p. of 
719 —80.5. 


Found %: C 62,15; H 1.48; N 11.53 Calculated %, C 62,39; H 7.25; N11,19 
The picrate was obtained as yellow crystals, m,p. 155-157 (from alcohol). 
‘Found %: C 47.31; H 4.75; N 14.81 CygHyNgOy. Calculated % C 47.60; H 4.42; N14.61 


B -[p-di-(2-chloroethyl)-aminophenyl}-8-alanine (D. A mixture of 2,5 g (0,01 mole) of the ethyl esters 

of 8-(p-aminophenyl)-8-N-acetyl-8 -alanine (1V), 12 ml of 2 N acetic acid, and 5 ml of ethylene oxide was 
allowed to stand at room temperature for 42 hours, and the acetic acid and excess ethylene oxide were then dis- 
tilled under vacuum, To the residue, which was a mobile, yellow oil containing (V), was added 25 ml of dichloro= 
ethane; the solvent was partially distilled, and to the well-stirred emulsion, which was cooled with water, was 
added dropwise, over the course of 7 minutes, 1.9 ml (0.025 mole) of thionyl chloride in 3 ml of dichloroethane, 
This treatment was accompanied by separation of a yellowish, semisolid mass, The reaction mixture was heated 
for 45 minutes at 80°, after which the dichloroethane and thionyl chloride were completely distilled under vacuum 
on a water bath. The residue (VI), a brown inass, was refluxed for 2 hours in 20 ml of 20% hydrochloric acid, 
and the solution was evaporated under vacuum to a small volume and diluted with 50 ml of water; the flocculent 
brown precipitate was filtered; the filtrate was treated with activated carbon, and a solution of sodium acetate was 

. added to the solution to precipitate colorless, fine crystals of base (I). The weight of (I) was 0,81 g, m.p, 165-167, 
Reprecipitation gave 0,47 g of material with ah m.p, of 170-171°, The yield was 15,6% of theoretical A mix- 
ture of this material with (I) obtained from (X) showed no depression of the melting point, 


‘Hydrochloride of the ethyl ester of B-(p-nitropheny!)-8-alanine (VIM-HC1) A mixture of 27 g (0,109 ‘ies 
of the hydrochloride of B-(p-nitrophenyl)-8-alanine [3] and 100 ml of a 2 N solution of HCI in absolute alcohol 
was refluxed for 3 hours, After the mixture had cooled, 29 g of colorless crystals with an m,p, of 250-251° was 
filtered, The yield was 91% of theoretical, After recrystallization from alcohol, the material had an m.p, of 
251-252", 


Found %; C 48,01; H 5,64; N 10,48; Cl 12,86 CyHyNC1Oy Calculated %; C 48,09; H 5,00; N 10, 20; 
T1 12,90 


422 


3 

4 
site 


Ethyl ester of 8 -(p-nitrophenyl)-8-N-phthaloyl-8 -alanine (IX), A solution of 25 g (0,091 mole) of the 
hydrochloride of the ethyl ester of 6 -(p-nitropheny!)-6 -alanine, 13,5 g (0,091 mole) of phthalic anhydride, and 
45 ml of pyridine was refluxed for 20 minutes; the pyridine was distilled under vacuum, and the residue was re- 
fluxed 7 minutes with 45 ml of acetic anhydride, After cooling,! the solution was poured into 500 ml of cold water. 
A yellow oil separated, and this crystallized when ground, Recrystallization from alcohol gave 26,2 g of material 


with an m.p, of 97-98", The yleld was 78 i of theoretical, RecrystaHization from alcohol gave colorless cry- . 
stals with an m.p, of 99,5-100.5°, 


Found %; C 61.40; H 4,44; N 7.56 Cyp Hig: Calculated C 61,95; H 4.38; N 7.61 


Ethyl ester of 8-(p-aminophenyl)-8 -N-phthaloyl-B -alanine (X), 25 g (0.068 mole) of the ethyl ester of 
8 -(p-nitrophenyl)-8 -N-phthaloyl-£ -alanine (IX) was hydrogenated in 180 ml of ethyl alcohol in the presence of 
14 g cf skeletal nickel; the hydrogenation was carried out at atmospheric pressure and 50,55°. The theoretical 
amount of hydrogen was absorbed during 1 hour and 10 minutes of agitation, After the mixture was pater: Dg 
of yellow crystals, m.p, 114-115°, was filtered, The yield was 88,3% of theoretical, 


Found %: C 67,62; H 5,52; N 8.57 CygHjgN,O, Calculated %: C 67.44; H 5,36; N 8.28 | 


8-[p-di-(2-chloroethyl)-aminopheny]]-8-alanine (). A mixture of 2.5 g (0.0074 mole) of the ethyl ester 

of 8-(p-aminophenyl)-8-N-phthaloyl-8-alanine (X), 5 ml of ethylene oxide, and two drops of water was heated 
in a sealed tube on a water bath for 5 hours. After distillation of the ethylene oxide and water under vacuum, the 
residue, a yellow oil, was dissolved in 50 ml of chloroform; 35 ml of the solvent was distilled, and 2.5 ml (0,033 
mole) of thionyl chloride was added to the residue, Foaming and a slight darkening of the mixture occurred, and 
the temperature of the reaction mixture rose to 40-45°, The mixture was heated for 10 minutes at 50-54", and 
then for S minutes at 65-67, The rapidly darkening brown solution was quickly evaporated under vacuum at a 
bath temperature of 65-70°. 20 ml of 20% hydrochloric acid was added to the residue, and the mixture was refluxed 
1,5 hours; the brown mixture was cooled and diluted with a three-fold volume of water, and the phthalic acid was 
filtered. When sodium acetate was added to the filtrate, 1.5 g of colorless, finely <apuaine base (DI — 

m.p. 156-159°. The yield was 67.6% of theoretical, 


1.5 g of (I) was dissolved in 6 ml of 20% hydrochloric acid, activated carbon was added, the mixture was 
diluted with twice its volume of water, and the carbon was filtered; the addition of sodium acetate to the filtrate 
precipitated 1.08 g of a colorless substance with an — of 176. 5-177". The yield was 48 5b, eee 
gave (I with an m.p. of 178,5-179°. : 


Found %: C 50.93; H 6,27; N 8. 98; Cl 23,29 Calculated $1.15; H 5.94; N9.18; 
Cl 23,2 
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INVESTIGATION IN THE FURAN SERIES. “SYNTHESIS OF SYMMETRICAL 
2, 5- ~BIS(DIALKYLAMINOMETHYL)FURANS 


Yu. K, Yur’ev, Yu. Novitskii and v. 
M, V. Lomonosov Moscow State University hs 
(Presented by Academician A. N, Nesmeyanov, March 5, 1959) 


Symmetrical 2, 5-bis(dialkylaminomethy])furans-{ manicrs-tcgaeo~Codai) are almost undescribed in the 
literature, In 1949, Eliel and Peckham [1], who were studying the applicability of the Mannich reaction to sub- 
stituted furans, obtained insignificant yields of 2, 5-bis(dimethylaminomethy])furan by the action of dimethyl- 
amine and formaldehyde on N, N-dimethylfurfurylamine in acetic acid; the product was identified as the dipic- — 
rate. Diamines of this structure and their quaternary salts are of interest from the point of view of their physiu- 
logical activity as potential ganglion blocking agents and curarelike compounds, It is well known that the me- 
thiodide of 2-dimethylaminomethylfuran (furamon) [2] has found application as a substitute for pilocarpine, 


In the synthesis of the symmetrical diamines of the indicated structure we used 2, 5-bis(chloromethyl) 
furan, the interaction of which with secondary amines led to Beattie x satisfactory — of the corresponding 
diamines: 


Je CH;C. + 2HNRs—* 
re 
where HNRs; = (CHs)s NH, (GHs5)s 


HN 


The reaction proceeds readily by the interaction of ether solutions of bis(chloromethy])furan and the se- 
condary amine in the presence of potassium hydroxide, The secondary amines used in the reaction were dime- 
thylamine, diethylamine, piperidine, and morpholine, In this manner we obtained 2, 5-bis(dimethylaminomethy]) - 
furan, 2,.5-bis(diethylaminomethyl)furan, 2, 5-bis( N-pipezidinomethyl)furan, and 2, 5-bis(N-morpholinomethyl) 
furan, The physical constants of 2, S-bis(dimethylaminomethy])furan and its dipicrate were in agreement with 
the constants of the compounds prepared by another method [1]. It should be pointed out that the dimethiodides 
of the diamines did not have sharp melting nae and ~— ay darkened and then decomposed when heated 
(in a sealed capillary), 


This interact.on of 2, 5-bis(chloromethyl) furans with ranean amines is still the only Keni method 
for the preparation of the conmeponting symmetrical diamines of the furan series, 


EX PERIMENTAL 


The 2, 5-bis(chloromethyl)furan was prepared by the method of Moldenhauer and co-workers [3] by the 
action of thionyl chloride on furfury] alcohol and subsequent chloromethylation of the furfuryl chloride, The 
yield of 2, 5-bis(chloromethy])furan was from 20 to 25%, calculated on the furfury] alcohol introduced into the 
reaction, The preparation crystallized in the condenser during distillation from the reaction mixture; m.p, 27-28° 
(from a mixture of ether and petroleum ether), Literature value: m.p., 27°, 
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2, 5-Bis(dimethylaminomethy])furan, A solution of 20 g (0,44 mole) of dimethylamine in absolute ether 
was placed in a three-necked round- bottom flask fitted with a stirrer, a dropping funnel, and a refiux condenser; 
13.4 g of fused KOH was added, and this was followed by the addition, half an hour later, of a solution of 13,2 g 

- (0,08 mole) of 2 5-bis{chloromethy])furan in an equal amount of ether; the mixture had to be periodically cooled, 

After the mixture had stood for 12 hours, water was added until the precipitate completely dissolved, the ether 
layer was separated, and the water layer was extracted with ether, The combined extracts were dried with fused 
KOH. After distillation of the ether, vacuum distillation of the resicue gave 11.0 g (75.5%) of product: ~~ 16 
(2 mm); nb 1.4728; 0.9525; MRp 53. 58, MRp calculated for CypHygCN, 0254.77, 


Found %: C 66.06; 66.17; H 10,07; 10,24 CyeH;gON. Calculated % C 65.90 19.95 


‘The dimethiodide was prepared by the addition of methyl iodide to an alcoholic solution of the diamine; 
heated in a sealed capillary, the dimethiodide began to darken at and at 200-203° 
anhydrous alcohol). 


Found %; C 30.40; 30.38; H 5.44; 5.45 Calculated 30,92. 


The dipicrate melted with decomposition at 199-201" Grom alcohol). 
Found %: N 17,18; 17.12 Calculated N 17.50 
Literature values: b.p, 107-109" (10 mm); nb 1.4728; dipicrate: m.p. 202-205" (with decomposition) 21). 


nae The interaction of 19.8 g (0.12 mole) of 2, 5-bis(chloromethy])-furan with 50 g of 33% aqueous dimethy- . 
lamine gave 8.8 g (40%) of 2, 5-bis(dimethylaminomethy])furan with a b.p. of 81-82° (5 mm). 


5~Bis(diethylaminomethy]) furan. From 19,8 g (0,12 mole) of 2 5-bis(chloromethy])furan in 20 of 
solute ether and 23.6 g (0.36 mole) of diethylamine in 25 g of ether in the presence of er 4 g of “oe was Ob-— 
tained, by the method described above, 17.5 g (61%) of product: b.p, 124-126" (7 mm); np 1.4764; a 0.9309. 
MRp 72.16. Calculated for dg MRp 13,24, 


Found %; C 70,18; 70,12; H 11,07; 10.96 Cy,H Calculated % C 10.54; #10, 99 
The dimethiodide melted with decomposition at 184-186" (from alcohol). 

Found %: C 36.75; 36,59; H 6.29; 6.22 Crehy:0N,1, Calculated %: C 36.79; H 6.18 
Diethiodide: decomposition temperature (from alcohol). 
Found %: C 39.05; 39,95; H 6.60; 6.81 CygHygONgle Calculated %: 39,28 H 6.59 
Dipicrate: m.p. 127-128" (from alcohol). 
Found %: N 15.91; 15.70 CogHs,0,5Ng. Calculated te N 16.09 


2, 5-Bis(N-piperidinomethyl)furan, From 13,2 g (0.08 mole) of engeeenenntiitiien in an equal volume 
of ether and 20.5 g (0.24 mole) of piperidine in the presence of ae 4 g of KOH was obtained, by the method de- 
scribed above, 16.5 g (76.5%) of product: 172-173 (7 mm); 5130; 1, 0121; 71.92, Calculated 
for MRp 78,08, 


Found %; C 73.11; 72,96; H 9.85; 10.07 ON» C 73,24 H 9,99 
Dime thiodide: decomposition temperature 194-198° (from alcohol). 

Found %; C39,80; 39,97; H 5.92; 6,01 CygHy,ONglp Calculated % C 39. 57 H 5. 91 
Dipicrate: mp, 193-194 (from alcohol). 

Found %: C 46.74; 46,80; H 4.70; 4.60 CygHs,0,,Ng. Calculated os C 46.67; H 4.48 


2, 5-Bis(N-morpholinomethy])furan, From 11.5 g (0, 07 mole) of 2, 5-bis(chloromethy])furan and 18,2 g 
(0.21 mole) of morpholine in ether solution in the presence of or g of KOH was obtained 11,5 g (62%) of a vis- 
cous of] which boiled at 158-160°(1 mm), 181-183° (5 mm); n 1.5198, 


Found %: C 62,92; 62,82; H 8.56; 8.47 Cy4Hy,O,Ny. Calculated % C 63.13; H 8,32 


© $= furan, 
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Dimethiodide: decomposition temperature 190-193° (from aqueous alcohol). 

Found %: C 34,28; 34,14; H.5,38; 5.27 CygHyO,Nyl, Calculated %; C 34,92; H 6.13 
Dipicrate: m.p. 189-190" (from acetone = alcohol mixture). 

Found %: N 15,33; 15,24 Calculated % N 15,47 
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SYNTHESIS OF CYCLIC DIMETHYLSILOXANES CONTAINING 
TRIETHYLSILOXANE GROUPS | 


Corresponding Member AN K. A, Andrianov 
and N, A, Kurasheva 


Cyclic dimethylsiloxane compounds have been synthesized and described a number of times [1-3]. Mixed 
cyclic compounds containing dimethylsiloxane and alkyl — ary] groups attached to aes ring have also been syn- 
thesized [4-7]. 


The present paper describes the synthesis of compounds containing groups, of 


the structure (C,H,)s SiOSiCl, and their conversion oe cohydrolysis with dimethyldichlorosilane to cyclic com- 


pounds, The synthesis of —— containing ne groups was carried out t according to the reaction 


(CsHs)s SiONa + RSiCls 


The following were synthesized by means of this reaction: 
methyl(triethylsiloxy)dichlorosilane, and phenyl(triethylsiloxy)dichlorosilane, The structure of these compounds 
was confirmed by analysis and by conversion to acetoxy derivatives according to the reaction - 


R —Si — OSi (GHy)s + 2CHs COOK- RSiOSi + + 


dcock, 


The properties of these new compounds are presented in Table 1, Cyclic mais gnscderents contatning — 
siloxane groups were prepared by means of ey. 


CH; CH, 
an—si—o 


The cohydrolysis reaction was carried out with an excess of dimethyldichlorosflane in an attempt to intro- 
duce the maximum number of dimethylsiloxane groups into the ring; therefore, all experiments were carried out 
in accordance with the above equation, In a study of the cohydrolysis reaction it was established that during the 
cohydrolysis of methyl(triethylsiloxy)dichlorosilane with dimethyldichlorosilane, the tetramer — tiethylsiloxy- 
heptamethyl-tetrasiloxane — is predominantly formed, The cohydrolysis of ethyl(triethylsiloxy)dichiorosilane 


q 
3 
; 
- 


TABLE 


Name of compound 


Ethyl cH, di0si (CaHs)s 51/2 |1,4350] 1,0143 | 66,6 | 66,5 


dic lorosilane 


2. Methyl(trlethylstloxy)- cu,siosi (Cals)s 
dichlorosilane 


3. Phenyl(triethylsfloxy)- CH 1,0786 | 82,0 | 81,6. 
dichlorosilane 


OCOCHs 
Ethyl(triethylsiloxy)- 
diacetoxysilane Gil iOSi(CaHs)s 91,5/3 |1,4217) 0,9945 | 78,4 | 78,1 
7 , Hs 
5. Methyl(triethylsiloxy)- 
diacetoxysilane CHaSiOSi(GHs)s 84—86/3|1 ,4192| 0,9972 | 73,7 | 73,9 
OCOCHs 


6. 
diacetoxysilane 


CoH 140/3 4,06035 | 93,8 | 93,0 


TABLE 2 


MRp MoL wt, 


B.p.. 
C/mm a | Cale, found Cale. [Found | 
107.4 |106,9 | 412. | 300 
Trieth eth tetra 109—114/10]0,9554]1 4182] 94,7 | 92,418] 350 | 324° 
Triethylsiloxyphenyltetrame- | 144—120/4 ,4548] 108,8 |107,7 | 402 | 396 
‘thyftrisiloxane 
Structural formulas: 
CH,—Si—O—Si—CH, 75! 


Hy 


_and of phenyl(triethylsiloxy)dichlorosilane with dimethyldichlorosilane leads predominantly to the formation of 
trimers, namely, triethylsiloxyethyltetramethyltrisiloxane and triethylsiloxyphenyltetramethyltrisiloxane, The 
properties of these compounds are presented in Table 2, The segaey structure was confirmed by the analytical 
data and by the infrared spectra, 


189,5 1,0079 | 61,9 | 62,3 
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1, Synthesis of ethyl(trieth visiloxy)dichlorosilane, 26,6 g (0,163 mole) of ethyltrichlorosilane in 75 ml of 
Calg was charged to a three-nech«:d flask fitted with a thermometer, a stirrer, and a reflux condenser, and 25 g 
(0,163 mole) of the sodium salt off triethylsilanol in 75 ml of CgHg was added, with stirring, over a period of 2 
hours at a temperature of 36° in cite reaction flask: a precipitate formed during this time, After all of the silanol _ 
salt had been added, the mixture was stirred for an additional 3 hours without heating; the precipitate was then 
filtered, and the filtrate was distilled under reduced pressure, After removal of the oN > at a b.p. of 51°72 mm, ~ 
the ethyl(triethylsiloxy)dichlorosiliane was in a yield of 61.8% of theoretical, 1.4350; 1.0143; 
MRp found 66,5; calculated 66,6. 


Found: 37.1; 37.24; 117.67; 7.69; St 21.86; 21. 80; C1 27.05; 26,89 Calculated 
C 37.1; H 7.73; Si 21.7; Cl 27.4 


2, Synthesis of methyl(trietthylsiloxy)dichlorosilane, In a similar manner, 8,53 g of 
dichlorosilane was obtained from 16,2 g (0,108 mole) of methyltrichlorosilane and 16,6 g (0.108 “ae of the 
salt of triethylsilanol in 12D ml of Cglig. The yield was 33.2% of theoretical, B.p. 188, 5°; 

2? 1.0079; MRp found 62,3; calcuilated 61.9; mol, wt, found 244; calculated 245, 


Found %: C 35,30; 35.20; 117.51; 7.61; Si 22,57; 22.34; Cl 27.83; 28,05 CaHiwShOCy Caleulated % 
C 34,40; H 7.35; $122.85; Cl 


3. Synthesis of 22.54 g of bp. 
103,5-104.5 deg/ 3 mm, was obtmined in a similar manner from 31.2 g (0.147 mole) of phenyluichlorosflane and - 
22.66 g (0,147 mole) of the sodium salt of triethylsilanol in 150 ml of benzene, The yield was 49.8% of theore- 
tical, nb 1.4865; d2* 1.0786; MR, found 81,6; calculated 82.0; mol. wt, found 30%; calculated 307, 


Found %: C.46,59; 46.63; 6.81; 6,71; Si 18,91; 18,70; Cl 23,38; 22,86 Calculated 
C 46,90; H6.51; Si 18,24; Cl 


4. Synthesis of 25.0 g (0.096 mole) of 
silane, 18.9 g (0,192 mole) of aninydrous potassium acetate, and 170 ml of CgHg were charged to a three-necked 
flask fitted with a stirrer, a thermometer, and a reflux condenser, The mixture was then stirred and heated for 
5 hours at 70-80°, The precipitaue was filtered, and the filtrate was distilled; after removal of the benzene at 
91. L.5*/ 3 mim, 1 14.74 g of ethy](triesthylsiloxy)diacetoxysilane was separated; the yield was 50.0% of theoretical. _ 
np 1.4217; dy 0.9945; CHyCOO found 37.71%; calculated 38 .6%MRp found 78.1; calculated 78.4, 


Found %: C 46,83; 46.87; B54; 8.61; Si 18.54; 18.59 € H 8.50; 
Si 18.30 


5. Synthesis of methyl(trie:thylsiloxy)diacetoxysilane, In a similar manner, 5.71 g of nltiatinnaanian 
diacetoxysilane, b.p, 84-86°/ 3 mm, was obtained from 14.64 g (0.06 mole) of methyl(triethylsiloxy)dichloro- 
silane and 11.72 (0.1 12 mole) of anhydrous potassium acetate in 150 ml of CgHg The yield was 328%of theore~ 
tical, a? 0.9972; 1 4192; MR found 13,9; calculated 73,7; CH;COO’ found 39, 45%, calculated 40,042, 


Found %: C 46,09; 46.23; 1H 8.55; 8,66; $119.39; 19,09 Calculated C 45.20; H 8.23; 
Si 19,18 


6. Synthesis of phenyl(trie:thylsiloxy)diacetoxysilane, Ina similar mannez, 31,44 g of phenyl(triethylstloxy)- 
diacetoxysilane, b.p, 140°/ 3 mm,, was obtained from 34,12 g (0.111 mole) of phenyl(triethylsiloxy)dichlorosilane 
ys 21.8 g (0,2 222 mole) of anhydirous potassium acetate in 200 ml of CgHg The yield was 79.5% of theoretical. 
nj) 1.4696; dq’ 1.06035; MRp found 93; calculated 93,8; CHyCOO’ found 33.22%; calculated 33,35%, 


Found %: C 53,82; 53.60;, 1H 7.45; 7.42; Si 15.84; 16,01 CygHsSi,O,. Calculated C 54.4; H 7.35; 
Si 15.81 


7, Cohydrolysis of dimethwidichlorosilane and ethyl(uiethylsiloxy)dichlorosilane, To a three-necked flask 
fitted with a stirrer, a thermometer, and a reflux condenser were charged 400 ml of H,O and 200 ml of ether, 
and then, with vigorous stirring, = mixture of the chlorides, 59,54 g (0.23 mole) of ethyl(trlethylsiloxy)dichloro= 
silane and 150 g (1,16 mole) of diimethyldichlorosilane, was added at ~40°, After the introduction of the chlorides, 
the mixture was stirred for an adulitional 3 hours, after which it was washed with water to a negative reaction for 
chloride fon, The mixture was ttner dried with anhydrous sodium sulfate, The ether was then evaporated, and the 
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remaining liquid was distilled at reduced esa The faction, 13,0 g, boiling at 109-114'/ 10 mm was col- 
lected, The yield was 30,06% of theoretical, 14182 0.9554. MRD found calculated 91,7; mol, 
wt, found 321; 352, 


_ Found %: C 40.37; 40,35; H 9.56; 9, 61; Si 31.62; 31, 38 Cutns\Oy Calculated %: C 40,90; H 9.10; 
Si 31.8 


8. Cohydrolysis of dimethyldichlorosi!sse and A fraction, 32,02 g, 
boiling at 88-90°/3 nimi was obtained in a’ similar manner by cohydrolysis of 66,62 g (0,272 mole) of methyl- 
Cuslethyladionlyipmenalitnne and 176 g (1.360 mole) of dimethyldichlorosilane, The yield was 26.6% of theoret- 
ical. nf} 1.4138; da* 0.9629; MRp found 106.9; calculated 107.4; mol, wt. found 390; calculated 412, 


Found C 38,28; 38.43; H 8,72; 8,58; Si 33.89; 33,60 Calculated %: C 37.9; H 8,72; 
Si 34,00 


9. Cohydrolysis of and A fraction, 34,85 g, 
boiling at 114-120°/ 1 mm was obtained in a similar manner by cohydrolysis of 94,2 g (0.307 mole) of phenyl- 
and 198 g (1.53 mole) of dimethyldichlorosilane, The yield was 28,2 of theoret- 
ical 1.4548; 1.0114; found 107.7; calculated 108.8; mol, wt. found 394; calculated 402, 


Found %: C 46,36; 46.33; H 8,04; 8.07; Si 28,00; 28,18 Calculated C 41.7 H 7.96; 
Si 27,90 
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THE ADDITION OF TRIBENZYLSILANE TO setepuicseses 


N. S. Nametkin, Academician A. V. Topehiey s and | 
I. Chernysheva 


Institute of Petrochemical Synthesis Academy of Sciences USSR 


The study of the addition of silicon hydrides to unsaturated hydrocarbons has recently attracted the atten- 
tion of a great many investigators, The application of such catalysts as platinized carbon [1], Raney nickel [2], 


and chloroplatinic acid [3] has significantly extended the eer. of using this reactior for the synthesis of 
organosilicon compounds of various structures, 


The present work, which is a continuation of our soeneiniantiona of reactions forming monomeric organo= 
silicon compounds by the addition of silicon hydrides to unsaturated hydrocarbons [4-10), was devoted to a study | 
of addition reactions of tibenzylsilane with olefins, Tribenzylsilane was added to l-pentene, 
1-nonene, and 1-decene, Chloroplatinic acid was used as the catalyst. for the reaction, 


By carrying out the reactions at ratios of olefins to tribenzylsilane of 3:1 and 4:1, a reaction time a 2-3 
hours, and a temperature of 100-120°, we were able to obtain 50-60% yields of the tribenzylalkylsilanes, These — 
tribenzylalkylsilanes were viscous liquids with high boiling points, The density of the tibenzylsilanes decreased 
with an increase in the size of the alkyl radical, The densities of ribenzylpentylsilane and wibenzylhexylsilane 


were greater than unity. The physicochemical properties “ the ee prepared in this work are — 
presented in Table 1, 


TABLE i 
Boiling point MRp 
_ Compound a 

Hg calc, found 
205—207 i 1,0161 1,5768 121,52. | 121,46 
253—255 . 5 1,5692 126,15 126,42 
(GaHsCHe)sSiCgHy7 259—260 5 0,9903 1,5598 135,41 135,27 
(CoHsCHs)sSiGghlig 260—261 5 0,9857 1,5587 140,04 140,37 
(GHsCHs)sSiCioHss 263—265 5 0,9811 1,5573 144,67 145,20 


In order to determine the direction in which the tribenzylsilane adds across the double bond of the olefin, 
we prepared a number of tribenzylalkylsilanes by an alternate synthesis according to the reaction | 


RSiCly + CoHgCHsgl.i R Si (CHsCyHy)s, 


where is CgHy5, CgHyy, of 


Tz similarity of the physicochemical properties of the compounds prepared by the addition of tibenzyl- 
silane to olefins to those of the compounds prepared by organolithium synthesis (Table 2) provides a basis for the 


assumption that the additicn of tribenzylsilane to olefins proceeds, under ee conditions, contrary to Markovnihov’s 
rule: 


(CoH, CHs)2SiH ++ RCH == CHy 


: 
: 
: 
+ 
aS 
< 
= 
mt 
: 
i, 


TABLE 2. 


Product prepared by addition Prodnet rreepared by organoll- 
reaction _thitrm synthesis 


259—200} 5 (0,9903) 1,5598 | | 258—22)) 10,9905 
5 10,9857] 1,5587 1,5584 |0,9852 


PERIMENTAL 


a) Addition of ilies to olefins, The addition of tribenzylsillane to defen was carried out in a 
three-necked flask fitted with a stirrer, a reflux condenser, a thermometer,, cand a dropping funnel, The triben- 
zylsilane and olefin were placed in the flask and heated, with stirring, to 600°, The (10%) solution of chloropla- 
tinic acid in isopropyl alcohol was then added dropwise, The mixture shorttly began to react exothermically. 
The chloroplatinic acid solution was added at a rate such that the temperature of the reaction mixture did not 
rise above 100°, The mixture was then heated for 2-3 hours at 100-120", anw finally, fractionated, 


The tribenzylsilane was prepared by the interaction of trichlorosil ante with benzylmagnesium Scania. ' 
81 g (0.6 mole) of trichlorosilane was added dropwise to the benzylmagnesiium bromide, which was prepared 
from 50 g (210 mole) of magnesium and 253 g (2,0 moles) of benzyl chloriide, 131 g (74% yield) of wibenzyl- 
silane was obtained. M.p, 89-90° (literature value [10], m.p, 90-92°). Thee 1-pentene, 1-hexene, l-octene, 
l-nonene, and 1-decene were prepared by pyrolysis of the comresponding accetates at 450-500"; their properties 
were in agreement with the literature values, “* 


Tribenzylpentylsilane, From 30 g (0.1 mole) of tribenzylsilane and 310 g (0.4 mole) of 1-pentene, in the 
presence of 1 ml of the chloroplatinic acid solution, was obtained. 23.3 g _— yield) of tribenzylpentylsilane, 
Bp. 205-207 at 1 mm, 


Found %; C 83,60; 83,68; H 8,72; 8.68 CopHlysSi Calculated %: C 353,87; H 8,60 


Tribenzylhexylsilane. From 30 g (0.1 mole) of tribenzylsilane and 333 g (0.4 mole) of 1-hexene, in the 
presence of 1 ml of the chloroplatinic acid solution, was obtained 19.4 g ({il.8% yield) of wibenzylhexylsilane, 
B.p. 253-255° at 5 mm, 


Found %; C 83,90; 83,89; H 8,78; 8.65 CylsSi. Calculated &: 883.93; H 8.80. 


Tribenzyloctylsilane, From 30 g (0,1 mole) of tribenzylsilane and 40 g (0.4 mole) of 1-octene, in the pre- 
sence of 1 ml of the chloroplatinic acid solution was obtained 14.4 g (46.4% yield) of tibenzyloctylsilane, B.p. 
| 259-260° at 5S mm, 


Found: C 83,94; 83,77; H 9.34; 9.40 CogHygSi. Calculated % 84,06; H 9.13 


Tribenzylnonylsilane, From 20 g (0.06 mole) of tibenzylsilane and!25 g (0.2 mole) of 1-nonene, in the pres- 
ence of 1 ml of the re acid solution, was obtained 12,2 g (43.{6% yield) of ribenzylnonylsilane, B.P. 
260-261° at 5 mm, 


Found %: C 84,13; 84.11; H 9.38; 9.42 CyHgSi, Calculated % 84.11; H 9.36 


Tribenzyldecylsilane, From 30 g (0,1 mole) of tribenzylsilane and +40 g (0,3 mole) of 1-decene, in the pres-. 
ence of 1 mi of the chloroplatinic acid solution, was obtained 27.3 g (62.,01% yield) of tribenzyldecylsilane, B.p. 
263-265° at 5 mm, 


Found %: C 84,14; 83,79; H 9.49; 9.63 CyHySi, Calculated Je © 84,18; H 9.54 


b) Preparation of twibenzylalkylsilanes by organolithium synthesis, TThe alkyltrichlorosilanes were added to 
the benzyllithium, which was prepared from benzyl chloride and lithium.. .After distillation of the ether, the re=- 
action mixt re was heated at a temperature of 80-100° for a period of 10 tnours, After the mixture had cooled, 


= 

| 
Me 
434 


ether was added, the unreacted lithium was $ separated, a the reaction mass was rte ong with water, The 
ether extract was dried with calcium chloride and distilled, 


The hexyltrichlorosilane, octyltrichlorosilane, and nonyltrichlorosilane were pesca by addition of io 
chlorosilane to 1-hexene, l-octene, and l-nonene, Benzoyl] peroxide was used as the catalyst [7]. yan 


Tribenzylhexylsilane, From 5 g (0,7 mole) of lithium, 50 g (0,4 mole) of benzyl chloride, and ae g (0.1 
mole) of hexyltrichlorosilane was obtained 30 g (30.7% yield) of tribenzylhexylsilane, 


Tribenzyloctylsilane, From 3,5 g (0.5 mole) of lithium, 40 g (0.3 mole) of benzyl chloride, and 26 8 (0.1 
mole) of octyltrichlorosilane was obtained 42,7 8g (31. O% yield) of tibenzyloctylsilane, 


Tribenzylnonylsilane, From 14 g (2 moles) of lithium, 120 g (1 mole) of benzyl chloride, and 19 g (0.3 
mole) of nonyltrichlorosilane was obtained 103 g (31.4% yield) of premeretei ens 
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FERROCENYLBORIC [FERROCENEBORONIC] AND 
1, 1°-FERROCENYLENEDIBORIC [1, 
ACIDS AND THEIR REACTIONS 


Academician A. N, A. Sazonova and 
Vv. N. Drozd 


Lomonosov Moscow State University 


By the action of a mixture of the mono- and dilithium derivatives of ferrocene [1] on n-butyl borate, we _ 
were able to obtain a mixture of ferrocenylboric and 1, 1'=ferrocenylenediboric acids [ferroceneSaronic and 
1, 1’-ferrocenediboronic acids]. These acids were extracted from the reaction mixture with alxa_— Separation 
of the acids was based on the ready solubility in ether of the monoacid and the insolubility of the dfboronic acid, 


' Ferrocenylboric acid is similar in its chemical properties to arylboric acids [areneboronic acids), Thus, 
hydrolysis of this acid in the presence of ZnCl, yields ferrocene; with mercuric chloride, it readily forms Secro- 
cenylmercury chloride, previously described by one of us, E, G. Perevalova and Q, A, Nesmeyanova [1], 22d with — 
cupric chloride and bromide, it yields chloroferrocene and bromoferrocene, the latter having bee= previously pre- 
pared by the cited authors [2] by the action of bromine on diferrocenylmercury, This same route was used tw pre- 
pare the dihalo derivatives of ferrocene from 1, 1’=ferrocenylenediboric acid, 


Thus, there have now become known all three monohalo derivatives of ferrocene — chlare-, bromo-, and | 
fodoferrocene ~ and all three heteroannular dihaloferrocenes, Moreover, the present work makes it possible to 
determine the properties of dibromoferrocene with greater wea since the latter can be set ina purer, 
crystalline form through ferrocenylenediboric acid, 


It is interesting that ferrocene and biferrocenyl are formed by the interactton of f ferrocenyiDbaric acid with 
an ammoniacal solution of silver oxide, while it is well known that hydrolysis of phenylboric acid [benzenebo- 
ronic acid) under the influence of this same reagent ylieldsbenzene, but alkylboric acids [alkaneboronic acids] 
undergo coupling and disproportionation of the radicals, 


EX PERIMENTAL 


1. Feneentiiite and 1, 1*-ferrocenylenediboric acids, The reaction was 5 cartied out in a stream of pure, 
dry nitrogen, An ether solution of 92 g of butyl borate was charged to a flask fitted with a reflux condenser, a 
stirrer, a dropping funnel, and a tube for the introduction of the nitrogen; the flask was then placed in a dry-ice= 
“acetone bath, The solution was stirred, and an ether solution of ferrocenyllithium was slowly added; the ferro= 
cenyllithium was prepared by metallation of 17.6 g of ferrocene with n-butyllithium (from 39 g of n-butyi chlo- 
ride and 7,6 g of lithium, about 240 ml total volume of solution). The reaction mixture was sticred until the 
bath kad warmed to recom temperature, and was then allowed to stand overnight, The mixture was then decom- 
posed with 10% H,SO, The ether solution was first treated with 40 ml of 10% KOH and then twice with 16-ml 
portions and five times with 40-ml portions of KOH solution, The alkaline extract were twice washed with small 
amounts of ether and acidified with 10% H,SO, The first alkaline extract contained =hiefly 1, 1°-ferrocezylene- 
diboric acid, The latter, after acidification of its alkaline solution, was filtered, washed with water to a neutral 
reaction toward congo Indicator, and the still moist material was washed with ether and dried in a vacuum desic- 
cator over 65% H,SO, 290 g of 1, 1'- ferrocenylenediboric acid was obtained, 
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The fourth to eighth alkaline extracts contained almost pure ferrocenylboric acid, After acidification of 
the extracts, the ferrocenylboric acid was filtered, washed with water to a neutral reaction toward congo indica- 
tor, and dried over 65% HySO4 6.06 g of acid, slightlycontaminated with butylboric acid, was obtained, 


; The second and third alkaline extracts contained a mixture of the mono= and diboric acids, Their separa~. 
tion was based on the ready solubility in ether of the monoboric acid and the insolubility of the diboric acid, 

The mixture of acids was filtered, washed with waters to a neutral reaction toward congo indicator, and dried over 
65% H,;SO, The mixture was carefully washed with ether, and an additional 0,44 g of 1, 1'-ferrocenylenediboric 
acid was thereby obtained, Evaporation of the ether gave an additional 0,72 g of ferrocenylboric acid, 


The ferrocenylboric acid was spine from water, The over-all yield was 5.50 g (26% of theoretical 

Calculated on the original ferrocene). 

Found C 52,15; 52.31; H 475; 4.94; B 4.70; Fe 24.26 Calculated %: C 52.24; 4,92; 
B 4,71; Fe 24.29 
: The ferrocenylboric acid was a yellow, atti substance which had no sharp melting point, but when it 
aa was placed (in a sealed capillary) in a preheated block, it melted at 143-148"; the m.p, changed considerably in 
dependence on the heating rate, The acid was sparingly soluble in petroleum ether, and was oyned soluble in 
benzene, chloroform, acetone, and alcohols, : 

The over-all yield of 1, 1°=ferrocenylenediboric acid was 3.34 g asba of theoretical calculated on the ori- 
ginal ferrocene). This acid was recrystallized from water, with large losses, 


Found C 43.61; 43.67; H 4.64; 4.81; B 7.68; 7.77 Calealated C 43.88; H 4.42; 
B7.91 


1, Ive ~Ferrocenylenediboric acid was soluble in alcohols, sparingly soluble in acetone, and insoluble in ether, 
It decomposed at 180°, 
: Hydrolysis of ferrocenylboric acid in the presence of ZnCl ‘ solution of 0. 15 g of ZnCl, w was added pa 

. hot solution of 0.15 g of ferrocenylboric acid in 15 ml of water, The mixture was boiled until the ferrocene had 
distilled, 0.10 g of ferrocene (82% of theoretical) was obtained; m.p, 168-170°, After recrystallization of the 
material from methyl alcohol, the sade was 172-174, A mixture with a known sample * ferrocene melted at 
the same temperature, 


1, 1'-Ferrocenylenedibezic acid also Swieatined to ferrocene under these same conditions, 


2. Ferrocenylmercury chloride, An aqueous acetone solution of 0.19g mercuric chloride was added to a 
hot solution of 0.16 g of ferrocenylboric acid in 20 ml of water, A yellow precipitate immediately formed, The 
mixture was heated for several minutes, and the ferrocenylmercury chloride was then filtered, washed with water, 
and dried in a vacuum desiccator over P,Oy. 0,22 g of ferrocenylmercury chloride (76% of thecretical) was ob- 
tained; decomposition temperature, 190-192, After recrystallization of the material from — the m.p, was 
192-194° (with decomposition). 


Found %; C 28,52; 28.39; H 2,20; 2,09; Cl 9,04; 8.79; Hg 47.44; 41,44; Fe 13,15; 13,09 (CyH,FeHgcl 


Calculated % C 28.52; H 2.15; Cl 8.42; Hg 47.64; Fe 13,26 


3. Chloroferrocene, 0.25 g of ferrocenylboric acid in 50 mil of water was placed in a flask fitted with a 
condenser arranged for distillation, and a solution of 0,30 g of CuCl,- 2H,O in 5 ml of water was added, Chloro- 
ferrocene steam-uistilled as the reaction mixture was boiled, The chloroferrocene was extracted with ether, and 
the ether was evaporated; 0.20 g (84% of theoretical) of chloroferrocene, m.p. 53-55°, was obtained, and this 
material, after recrystallization from alcohol, melted at 59-60°, 


Found %; C 54,40; 54,47; H 4,42; 4.30; Cl 16,16; 16.36; Fe 25.27; 25,14 CyptyFeCl, Calculated % 
C $4.47; H 4,12; C116.08; Fe 25,33 


The chloroferrocene was a yellow, crystalline material which readily dissolved in organic solvents, 


Bromofesrocene, 1, 1*-dichloroferrocene, and 1, 1'-dibromoferrocene were obtained in a similar manner; 
these were yellow, crystalline substances which could be steam-distilled and which were soluble in organic sol- 


vents, 
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4, Bromoferrocene, From 0,16 g of ferrocenylboric acid in 35 ml of water and 0,50 g of cupric bromide 
in 5 ml of water was obtained 0,15 g (80% of theoretical) of bromoferrocene with an tite of 28-30", After re- 
crystallization of the material from alcohol, the m.p, was 32-33°, 


Found %: C 45,53; 45,75; H 3,43; 3,43; Fe 21,04; 20,87; Br 30,11; 29,80 cutee Calculated 
C 45,34; H 3,42; Fe 21,08; Br 30,17 


5. 1, 1"=Dichloroferrocene, From 0,50 g of 1, 1'=ferrocenylenediboric acid in 175 ml of water asd 3g 
of cupric chloride was obtained 0,35 g (75% of theoretical) of 1, 1°-dichloroferrocene with an m.p. of 69-71", : 
After recrystallization of the material from aqueous alcohol, the melting point was 15-17°, 


Found %: C 47.54; 47.33; H 3,22; 3,29; Cl 27,46; 27.63; Fe 21.98; 22,01 
C 47,12; H 3,16; Cl 27.82; Fe 21,91 ; 


_1, 1'-Dibromoferrocene, From 1 g of 1, 1° acid and 5 g of bromide was 
obtained 0,95 g (76% of theoretical) of 1, 1"-dibromoferrocene with an m.p, of After 
of the material from alcohol, the m.p, was 50-51°, 


Found %: C 35.21; 35,24; H 2,42; 2 43; Fe 16,48; 16.33; Br 45. 98 34.93, 
H 2.35; Fe 16,24; Br 46,48 


1, Interaction of ferrocenylboric with an ammoniacal of An ex- 
cess of an ammoniacal solution of silver oxide was added to a solution of 0,60 g of ferrocenylboric acid in water, 


The reaction mixture was refluxed for several minutes, during which time, metallic silver was precipitated, The 
reaction mixture was then extracted with ether. The ether was distilled, The residue was dried in 2 vacuum de- ce: 


siccator over P,Os, and petroleum ether was added to it, The ferrocene dissolved in the petroleum ether along 


with an insignificant amount of biferrocenyl; after repeated washing of the insoluble portion, biferrocenyl was — ie 


obtained, 0.15 g (31% of theoretical) of ferrocene with an m.p, of 172° was obtained, The biferrocenyl was re- 
crystallized from alcohol, 0. 25 8 (52h of ‘of with a of 
230° was obtained, : 


Found‘: C 65,10; 65.05; H 5,12; 5. 19, Fe 30,07; 30.04 64.92; H 4,90; 
Fe 30.19. 


| The molecular weight was determined: found, 376, 360; calculated for biferrocenyl, 370, 


The biferrocenyl was meade soluble in aber ether and readily soluble in benzene, toluene, diox- 
ane, and tetrahydrofuran, 
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BIFERROCENYL 


A. Nesmeyanova and E. G. Perevalova 
M, V. Lomonosov Moscow State University | 
(Presented by Academician A. N, Nesmeyanow, April 1959) 


We have the decomposition of in the of palladium black with 
the aim of preparing biferrocenyL 


Razuvaev and Koton [1] have shown that whem organomercury compounds are heated with metal powders. 
in the absence of a solvent, coupling of the radicals takes aK bute in the case of Sphenypaeey, biphenyl © 
is — in good yield, 


"In our case, biferrocenyl was formed only in small yields, and the major product of the reaction was fer- _— 
rocene;* in addition, a substance insoluble in organic solvents was obtained, probably ferrocene. —_— 


TABLE 1 


Heat 
lbiferro- biferrocenyl 


cenyl- 


mercury hours g 


& . 


3 
19 


cooo 


The appearance of ferrocene in this reaction amparently can be explained only by disproportionation of the 
intermediately fiormed ferrocenyl radicals with the formation of ferrocene and ferrocene polymers or biferrocenyl, 


FeCl lg 2 Cally — Gog. 
Fe Fe 
— GHg 


‘ In a series of experiments (carried out in sealed tubes and without a solvent) in which the temperature con- _ 
ditions and amounts of catalyst were varied, the yield of ferrocene and biferroceny] varied, respectively, from 


_ © We have previiously observed the formation of fernacene during exchange reactions of ferrocene derivatives in 
a medium of hydirogen-containing solvent [2, 3]. 


i 
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2 5 14 2,69 6,3 - 
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16 to 49% and from 1.5 to 6,3% (see Table 1), The ferrocene and biferrocenyl were separated from each other 
by chromatography on aluminum oxide; the first was eluted with petroleum ether, and the second was eluted wen: nse 
a mixture (21) of petroleum ether and benzene, 


The presence of ferrocene polymess in the reaction aidesti was shown as follows, The residue remaining 
after treatment of the reaction mixture with organic solvents (including hot xylene for removal of the difezro- 
cenylmercury) contained, judging from its weight, not only palladium and mercury formed as a result of the re- 
action, but also an organic portion, and the weight of this portion was equal to the weight of the ferrocene formed 


- (as would follow from the equation presented above for the reaction), Analysis of the insoluble residue for car- 


bon and hy drogen gave the same carbon—hydrogen ratio as in biferrocenylene or ferrocene polymer, 
The biferrocenyl was an orange, crystalline substance, readily soluble in benzene and less soluble in pe- 


troleum ether, ether, and alcohol; it was crystallized from alcohol, 


Found C 64,97; 65,16; H 5,07; 5,25; Fe 29,59; 29.83 CyHyFep Calculated C 64.91; 4491; 
Fe 30.18 


The biferroceny] was less anemia stable than enna. When heated, it began to darken at 205°, and 
it melted with partial decomposition at about 230°; however, ferrocene was not formed during the decomposi=- — 
tion, as was shown by special experiments, Thus, when biferrocenyl was heated in a sealed tube at 250° for 5 
hours, 80% of the original biferrocenyl was recovered, Ferrocene was not detected in the decomposition products. 
Consequently, the férroeene produced during the of diferrocenylmercury was nota of 
the thermal decomposition of biferrecenyl. 
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SYNTHESIS OF ORGANOSILICON MONOMERS FROM DICHLOROSILANE 


Corresponding Member AN SSSR A, D, Petrov 
V. A. Ponomarenko and G, V. Odabashyan | 


N, D, Zelinskif Institute of Organic Chemijstry Academy of Sciences USSR 


The high reactivity of methyt= and ethyldichlorosilanes in catalytic addition reactions to unsaturated com=- 
pounds, which we have previously observed [1, 2), provides a basis for the assumption that dichlorosilane, for which 
the steric effect of substituents is reduced to a minimum in comparison to ia st et cxccnasee would be a very. 
reactive compound in reactions of the first Si—H bond, 


In addition, the study of conversions of dichlorosilane has given puociiain of the anes of new | possibile io 
ties of both theoretical and practical interest. The only methods described in the literature for the use of dichlo- 
rosilane in the synthesis of phenylchlorosilanes [3] involve the thermal or catalytic condensation of dichlorosilane 
with benzene at high temperatures (300-500°) and pressures (70-280 atm.). Dichlorosilane has also been used for 
the synthesis of trifluoropropyl- and di(trifluoropropyl)dichlorosilanes by addition to trifluoropropylene under the 
influence of ultraviolet Hight [4]. Although these reactions provide interesting monomers, their broad application 
as preparative methods is attended by a number of difficulties connected with the necessity of working at high 
pressures and with pure compounds free from inhibitors of radical reactions as well as other limitations, 


The presence of two Si—H bonds in dichlorosilane would lead one to expect the formation of two series of 
compounds~RSiHCl, and R,SiCl,. During investigations of the thermal condensation of dichlorosilane with CgH,Cl 
and CH, = CHCl and of the catalytic addition of dichlorosilane to unsaturated compounds, we observed the for- 
mation of both RSiHC1, and R,SiCl, depending on the conditions under which the experiment were carried out, 
Compounds of the type RSiHCI,, particularly CgHsSiHCl, were of particular interest to us, since they opened up 
a new route for the synthesis of new monomers of the structure RR'SiC],, particularly fluorine-containing mono- 
mers, in which the radicals attached to the silicon atom are different. In spite of the rather harsh temperature 
conditions (600-680°), phenyldichlorosilane is the major product, and is obtained as a mixture with phenyltrichlo- 
rosilane and diphenyidichlorosilane, Under the conditions investigated, the over-all yield of phenylchlorosilanes 
amounted to 50% of theoretical (77-83% of the — reacted). The results of our experiments are presented in 
Table 1. 


Dichlorosilane also thermal with vinyl chloride at temperatures of 535-545° C, The 
only positively identified reaction product was vinyldichlorosilane, which was obtained in 20% yield, The forma- 
tion of a mixture of high-boiling reaction products indicates the complex nature of the reaction of dichlorosilane 
with vinyl chloride, Thus, that it is possible to obtain silanes of the type RSiHCI, from dichlorosilane and RCI, 
even under harsh temperature conditions, has been demonstrated, and this substantially extends the possibilities 

of thermal condensation reactions [5], As experiments with ethylene and propylene showed, the addition of di- 
chlorosilane to unsaturated compounds in the presence of H,PtCl, can also be directed, toa considerable extent, 
toward the formation of compounds to the type RSiHC1, (see Table 2), Thus, in the reaction with ethylene, the 
yield of C,H,SiHCl, was 42% of theoretical. The over-all yield of compounds of the types RSiHCI, and R,SiCl, 
under these conditions was almost quantitative, The use of an excess of the unsaturated compound led to the 
formation of only dialkyldichlorosilanesR,SiCl,, Moreover, besides addition of H,SiCl, to the simplest olefins 
(ethylene and propylene), the addition to more coniplex saturated compounds, for example, the fluorinated ether 
— CH, = CHCH,OCF,CFCIH, was also studied, These expcriments have established the preparation of alkyldichloro- 
silanes of the type RSiHC], from H,SiC], as an dinportant method for the synthesis of monomers of this type. The 


- 


TABLE 
Thermal Condensation of with 


ing(mole)|S=| 5 2/9]. GSslas< 
|, 
25 630+ 65 10,5 2, 2,0 21,0 12, — 8,0 32,0 49,0 
|, 
Wek 2,5 [660-6] 82 | 8,0) 6,0] 5,2) 8,5) 24,5] 5,0) 10,0) 39,5 | 49,0 
3.592) 
wy | 67 2.0) 4,5 3,5) — 26,5) 4,5) — | 31,0 | 52,5 
159 21,0] 25,0] 54,0 | 83,0 
5,0 |636+638) 85,5 | 8,0) 3,5) 6, 10,0] 24,8 10,0) 18,5] 53,0 77,0 


° A very small amount of biphenyl was also formed in these experiments, 


TABLE 2 


reaction of H,SiC}, with in a more manner, Polymeric products containing the unit 


Si Sv Sle tube, mm 


Addition of H;SiCl, CgH;SIHCl, and p-PCgH,SiHCl, to Unsaturated Compounds in The Presence 
of an 0.1 M Solution of H,PtClg* 6H,O in Isopropyl Alcohol 


CHER, 


a Cl 
| | 
a cl 


11,9/2,5 
a | FOU 


Yield 
= 
Starting Materials g Addition products 
(moles) 3 2 
2 
3.6 (012) 20 [15 }0,25)25 
0, 
[0.19] 20] 7 10,5 C,H,SiCL,H 
1972 (0°32) | 20] 7 [30,0 
Cie CHEN OCF,CFCIH 2) 0,15} 88 | 5,5]1,5 ChgiCH,CH,CH,OCF,CFCIH 
0,1 | 75 | 3,012,0 |66,9| C1,Si(CH,CH,CH,OCF,CFCIH), 
Cl, 
H,SiCI 47,8(0,9 
9, 97 125.6 C,H,SiCH,CH,CF, 


— SiCH,CH,—Si- are formed, Under the conditions, investigatcd, we were unable to obtain vinyl- and divinyl- 


dichlorosilanes by this method, We always obtained a mixture of high-botling liquid and solid polymers. 
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TABLE 3. 


B.p., °C MR 

3 Compound (mm Hg) 

found] calc, 
‘ (79) | 49,2195 19,5257] | 66,66 
3 141—144,5 (5) | 41,2216 | 9.5619 | 69.16 | 
c 65,2" (766) | 459296 | 954254 | 29,00 | 29,33 
5 1n8 (748) | 4.3656 | 454971 | 49:22 | 
6 151—152 (6) | 414206] | 8056 | 79/98 
7 177 (747) | 42206 | | | 
8 9-100 (in) | 454737 | | 
9 FOS 401-103 (10) | 4.3649 | 1546645 | 58.95 | 58,95 
10 462 742 1.3010 | 49°16 | 68°26 


* These sabstances were prepared for the first ame: in the present work. 


= 


Phenyldichtorosilane, prepared by thermal condensation of H,SiCl, with and FC,H,SiHCI, gave 


good yields of the addition products when reacted with CH, = CHCFs in the presence of chloroplatinic acid (Table 
2). Some of the eye properties of the compounds obtained in this work are ssn in Table 3, 


EX PERIMENTAL 
1. Preparation of dichlorosilane. H,SiCl, was: prepared by disproportionation of HSiCl,* in the presence of 


dimethylcyanamide [6]. 250 g of HSiCls and 11 g of activated dimethylcyanamide were charged to the kettle of s 


a rectification column packed with nichrome packing (~35-40 theoretical plates). The H,SiCl, was taken over- 
head continuously and condensed in a trap cooled with solid CO, and acetone, The reaction time was about 6-7 
hours. The other reaction products (HSiCls and SiCl,) were then distilled from this same flask, A new portion of © 
HSiCl, was added to the residue which contained the catalyst and some SiCl, and the reaction was continued pre- 
cisely as described above, The yield of H,SiCl, varied from 50 to 70% of theore:ical. There was almost no loss 
of catalyst activity during 15 experiments. A total of 850 g of H,SiCl, (b.p. ~. at 745 ~— was obtained by 
this method from 3000 g of HSiCly, 


2. Preparation of phenylchlorosilanes, ‘the conditions and results of the patio on the siabnds of 
phenyldichlorosilanes by thermal condensation of dichlorosilane (H,SiCl,) with chlorobenzene are presented in 
Table 1. Some of the physical constants of the compounds obtained are presented in Table 3, 


in Synthesis of vinyldichlorosilane, The glass reaction tube, which had an internal diameter of 20 mm and 
a reaction-zone length of 600 mm, was heated to 535-545°, and a mixture of 30,5 g (0.3 mole) of H,SiCl, and 
41.5 g (0.66 mole) of CH, = CHCI was passed through the tube over a period of a4 hours. * ¢ pes of the 


resulting condensate gave 7,8 g (20%) of = CHSiHCl,, b.p. 65.2° (746 mm); az 1.1214; nD 1.4254; MR found; 


29.00 MR calculated; 29.33, 


4. Addition of H,SiCl, CgHsSiHCl,, and p-FC,H,SIHCI, to unsaturated compounds. The conditions and 
results of all experiments on the catalytic addition of dichlozosilane, phenyldichlorosilane, and p-fluorophenyl- 
dichlorosilane to unsaturated compounds in the presence of H,PtClg are presented in Table 2, and some of the 
physical constants of the resulting products are presented in Table 3, 


5. Synthesis of p-fluorophenyldichlorosilane, p-FCgH,SiHCl,. A solution of 95 g (0.7 mole) of trichloro- 
silane (HSiCl3) in 100 ml of absolute ether was placed in a three-necked flask fitted with a mechanical stirrer, 
a reflux condenser, and a dropping funnel, and p-FCgH,MgBr, prepared from 17 g (0.7 g atom) of Mg and 98 g 
(0.56 mole) of p-FCgH,Br in 400 ml of absolute cther, was added with vigorous stirring, The reaction mixture 


was heated for two hours, After separation of the precipitate, distillation - the ome * and distillation in a column, - 


there was obtained 21,1 g (19%) of P-FCgH,SIHCl; b.p. 177° (747 mm), av a3 2936, nb 1,5030, MR found; 44.59 
MR calculated; 44,87, 


¢ A mixture of HSiCl, and SiCl, for example, a mixture containing 95% HSICI, and 5% SiCl, can also be used 
in this reaction, 

* © In all thermal-condensation experiment, the — was — with — at the beginning and end of 
each experiinent, 
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NEW SYMTHESIS OF -1ONOLIDENEACETALDEHY DE 


I, M. Khorlina 


All-Uniion Vitamin Scientific Research Institute, of Heterorgante 
Acadexny of Sciences USSR 


(Presented by Acadernician M, L Kabachnik, March 1 11, 1959) 


9, 13-diimethyl-7-(1, 1, 10, 12-octatrien-14-al, a is an 
intermediate product in the of B-carotene[1} 


—CHO 
Lengtheming of the carboa chain of this compound by one atom and creation of a system of conjugated 


double bonds converts this shantaied to one of the stereoisomeric retinals ~ the aldehyde corresponding to vitamin 
A. 


One mesthod for lengthening the chain by one carbon atom involves the preparatiam of the cyanohydrin 
(2, 3]. Reduccion of the nitrile resulting from dehydration of the can be accomplished the 
use of diisobucylaluminum hydride [4]. 


The present paper describes the use of this method for a simpler synthesis — the symthesis of 5 -emaaitinie- 
acetaldehyde from 7-(1, 1, 9-methyl-8-buten-10-al,, 2 B-Cy, aldehyde (1), 
to tthe scheme 


(tv) 


a) 
447 


The interaction of Cy, aldehyde (I) with acetone cyanohydrin proceeded at 20-23° under the influence of 
a methanol solution of potassium carbonate; the yield of hydroxynitrile (1D was 83-84%, The dehydration was 
carried out by means of phosphoryl chloride and pyridine [6], The B-lonolideneacetonitile (1V) was separated 
by vacuum fraccionation, Its optical properties (Figure 1) were in good agreement with those described in the 
Uterature [7] foe 8-fonolideneacetonitrile prepared by the condensation of B-ionone with cyanoacetic acid, Re= 
duction of nitrile (IV) with diisobutylaluminum hydride was carried out in benzene solution at 0° with a gradual 
increase in the temperature, The resulting aldimine was hydrolyzed with dilute acid, and the B-ionolideneace- 
taldehyde (V) was isolated as a mixture of its stereoisomers, By crystallization of the semicarbazones of the ste- 
reolsomeric aldehydes from alcohol, the semicarbazone of trans-8-ionolideneacetaldehyde, m.p, 195,5-196° 
{7, 8), and, in considerably smaller amount, the semicarbazone of the cis{somer, m.p, 173-174", were obtained, 
The ultraviolet absorption spectra of the semicarbazones of these isomeric aldehydes were in close agreement _ 
with respect to socation of the absorption maxima (A, ,, 318 and 312 my, respectively) (Fig. 2). This indicates 
that the isomerism is due to different distribution of the ocuemaces with respect to the newly on sterically 


unhindered douSle bond between carbon atoms 9 and 10, 


The free aldehyde was obtained from the semicarbazone of trans-8-ionolideneacetaldehyde; its infrared 
transn.ission spectrum (Fig. 3) showed an intense band at 10,3y corresponding to the deformation vibration of 
the hydrogen atoms outside the plane of the double bond, which is characteristic for substances with a trans dis- 
position of subs=ituents across a double bond, The spectrum had a band in the region of 6.25y, which is related 
to vibration of the system of conjugated double bonds, and one at 6y cmmupenang to an unsymmetrical valence 
vibration y C = O in a system with conjugated —- bonds, 


The authors express their deep appreciation to 
Prof. N. A. Preobrazhenskii for his attention to cp in- 
terest in this work, 
EXPERIMENTAL 


1-(1, 1, 5-trimethylcyclohexen-6- yl)-9-methyl- 
8-buten-10-al cyanohydrin (III), A mixture of 13 g of 
the Gyq aldehyde (np) 1.5113), 0.72 g of freshly prepared 


| a acetone cyanohydrin, and 11 ml of a 3% solution of po- ~ 
20 300 350 mp tassium carbonate in methanol was allowed to stand at 
20-23° in an atmosphere of nitrogen for 120 hours, The 
reaction mixture was dissolved in 70 ml of petroleum 
edna natty — ether (bp. 40-70°) and extracted with methanol, The 
? 7 combined methanol extracts were agitated with a small 


amount of petroleum ether (20 ml) to remove traces of 
the Cu aldehyde, diluted with a theefold amount of water, and extracted with ether, The ether extract was 


washed wizh a solution of sodium bicarbonate and dried with magnesium sulfate, After evaporation of the solvent 


and heating at 1-2 mm to 40-45°, 12,5 g, 85.3%, of the Cy, aldehyde cyanohydrin was obtained as an oily sub- 
stance, 


Found active hydrogen 0,428; N 6,24; 6.19 CysHyON, Calculated %: active hydrogen 0,429; N6. 


B-lonolideneacetonitrile (IV). A solution of 17,48 g of Cy, aldehyde cyanohydrin in 13,6 ml of dry pyti- _ 
dine was added, over a period of 15 minutes and with stirring, to u freshly distilled mixture of 13,6 ml of phos= 
phoryl chloride and 54,4 ml of dry pyridine; nitrogen was passed through the reaction mixture during introductton 
of the cyanokydrin, With the first introduction of the cyanohydrin, the temperature increased to 60-70°, Stirring 


was continued for 3 hours at the boiling point (116-120°), and the reaction mixture was then Cooled, poured onto — 


crushed ice (390 g), and extracted with ether, The extract was washed with 5% H,SO, and a solution of sodium 
bicarbonate, and dried with MgSO, the solvent was evaporated, and the residue (10,1 g) of raw Cy, nitrile was 
fractionated. 8,38 g, 52.1%, of B- lee pega was obtained as a greenish yellow oil; b.p, 121-125° 
(in the bath), 0.03 mm; dj’ 0.9635; nb 1.5523, 


Found % C 83,50; H 9,88; N6,32 CyHyN. Calculated % C 83,67; H 9.83; N 6,50 


th 
2: 
iy 
= 


The material had two innnian maxima, Exsmy 14400, 
Exemy 14280, in ethanol (Fig, 1). 


B-Ionolideneacetaldehyde A solution of 6 
of B-ionolideneacetonitile in 18 mi of dry benzene was 
cooled to 0°, and a solution of 4.4 g of diisobutylalumi- 
num hydride in 11 ml of dry benzene was added dropwise, 
with stirring, over a period of 1 hour and 15 minutes; the 
addition was carried out in an atmosphere of dry nitrogen, 
With the first addition of the hydride, the temperature of 
the reaction mixture increased from 0 to 32°, Stirring 
_ was continued for another 3 hours at 35-40° after comple- 
__. thon of the addition of the solution of hydride, The re- 
_action mixture was cooled and poured, with stirring, into . 
50 ml of water at 8-12*, and stirring was continued fee 
another 10 minutes, In order to complete the decomposi- 
tion of the aldimine intermediate, 30 ml of 10% H,SO, | 
was added, at 0°, to the gelatinous reaction mixture, the 
Fig, 2, Ultravivlet absorption spec- mixture was heated to 30°, and stirring was continued for 
al 10 minutes, The benzene layer was separated, and the 
nescctaldehydcs: a) cls, b) trans, aqueous layer was extracted with benzene, The benzene 
extract was washed with a solution of sodium bicarbonate 
and dried with MgSO,, The solvent was evaporated, and 
the residue (5.86 g; 97. 3h), a reddish oil, nb 1.5643, was distilled. The fraction distilling at 165-175° (in the 
bath) at 0,02 mm was collected, There was obtained 3,35 g, 55.7%, of a yellowish oil with the pesctnncmnead ul. 
traviolet absorption spectrum 720 (320 my), 627 mp), in ethanol. 


Semicarbazone of 2.6 g oi the raw was dis- 
solved in 5.2 ml of ethanol, and the solution was mixed with a solution of 2 g of semicarbazide base in 6,2 ml 
of 50% alcohol, The reaction mixture was allowed to stand at 20° for 3 hours and then at 0° fora day. The raw — 
semicarbazone, 2.14 g, 65.3%, was recrystallized from 32 ml of methanol; 1.385 g trans-B-ionolideneacetalde- 
hyde semicarbazone was obtained as lustrous, prismatic yellow crystals. M.p. 195.5-196; EP, 1816 (318 mp) 


Found %: C 69,93; H9.24; N15.24 CygH,sONy. Calculated %: C 69.73; H 9.08; N 15.26. 


sunt § 


3, Infrared transmission spectrum of trans-8-ionolideneacetaldehyde. . 


% Transmission --= 


Semicarbazone of cis-B -ionolideneacetaldehyde, The mother liquor obtained from the separation of the 
trans-8-ionolideneacetaldehyde semicarbazone was allowed to stand at 0° for 4-5 days, during which time lust- _ 
rous, acicular crystals precipitated in clusters (0,33 g). Recrystallization from dry benzene (1.5 ml) and metha- — 
nol (0.8 ml) gave 0,12 g of cis-B -ionolideneacetal dehyde semicarbazone in the form of lustrous yellow crystals; 
m.p. 173-174", (A mixture with « lnown sample of trans-6-ionolideneacetaldehyde semicarbazone melted at 
158-166 ) 1230 (312 mp) in ethanol, An additional 0,11 g of cis-B- was obtained 
from the mother liquor, 


Found %: C 69,91; H9,09; N15.20 CygH,sONs. Calculated %; C 69,73; H 9,08; N 15.26 


2 
i 
: Wig. 
- 


Trans-B -ionolideneacetaldehyde. 1.2 g of trans-B -ionolideneacetaldehyde semicarbazone (m.p, 195,5- 
_ *196°) was dissolved in 60 ml of CHyCOOH, 0.6 g of pyroracemic acid was added, and the mixture was heated to 
- °° boiling in a stream of nitrogen over a period of 40 minutes, After the solution had cooled, it was diluted with 
water and extracted with petroleum ether, The solution was washed with a saturated solution of sodium bicar- 
bonate and dried with MgSO, the solvent was removed, and the residue (0,7 g) was dissolved in 5 ml of petrole- 
um ether (40-70°) and chromatographed on 12 g of aluminum oxide (activity ID. Elution with petroleum ether 
(40-70°) containing %@ ether gave 60 ml of eluent, from which ae obtained 0,32 g, 33.6%, of the aldehyde as 
an oily material with the characteristic absorption —, "Em 691 (326 my), 584 (270 my), in ethanol, 


Found %; C 82,55; H 9.5 50 CyHy,0. Calculated % C 82,44; H 10,16 


The infrared spectrum in the — 1p was taken with an IKS-11 spectrometer with an NaCl ee at 
2 thickness of S4y. 


authors express their appreciation to V. for the infrared and for aiding 
in their interpretation, 


8 -lonolideneacetaldehyde 2 4 deniniieaiiaen. A hot solution of 0.4 g of 2, 4-dinitrophenylhy- 
drazine hydrochloride in 40 ml of absolute C,H,OH containing 0.4 ml of concentrated HCl was added toasolu- - : 
tion of 0.4 g of the raw B-ionolideneacetaldehyde in 2 ml of ethanol, The reaction mixture was allowed to i, 
stand overnight, and dark red crystals (0.6 gy separated. Recrystallization from methanol gave 0,41 g, — of . 
- B-ionolideneacetaldehyde 2 4-dinitrophenylhydrazone in the form of gold-cherry crystals, 


M. p. 198-199°; 1440 (410 my), 628 (316 ™). 628 (255 mp), in ethanol, 


Found C 63.18; H 6.67; CyH Cateaated 63, H 6, 58; N 14.06 
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STEREOCHEMISTRY OF HETEROCYCLIC COMPOUNDS, 
CONFIGURATIONS OF THE GEOMETRIC ISOMERS OF 1,2, 5- 
- TRIMETHYL-4-PHENYL-4-PIPERIDOLS 


I. Shvetsov and V. F. Kucherov” 
N. D, Zelinskii Institute of Organic Chemistry Academy of Sciences USSR - 
(Presented by Academician B, A, Kazanskii, March 4, 1950), 


It has recently been shown (1) that 1,2, seesteneiine é-gipesidnns prepared by condensation of propenyl 
iscpropenyl ketone with methylamine is a mixture of the cis and trans isomers (D and (I), of which the more 
stable trans isomer (I), which is the predominant form obtained under alkaline isomerization conditions, was ob- 
tained in the individual state, This permitted synthesis of all four geometric isomers of 1, 2, S-trimethyl-4-phenyl- 
~4-piperidol (II), (IV), (V), and (VD, the propionates of which exhibited varying degrees of anesthetic activity 


[2]. It was established that the sedative action of (II), (I 4, (V), and (VD exceeds that of morphine by factors 
of, 2.8, 4, and 4-6, 


Promedol alcohol, al- Iso al- -Promedol al- 
m.p. 107-108 cohol, m.p. P- cohol, m.p. 
106-10T . 


109-110" 


- With the aim of clarifying the connection between th physiological activity and the steric structure of this 
class of compounds, we undercouk a study of the stereochemistry of the isomeric phenyl alcohols, which permitted 
us to ascribe to them the configurations shown above, As was previously established [1], during the reactionof — 
trans-piperidone with phenyllithium, a mixture (4:1) of the isomeric phenyl alcohols (III) and (IV) is formed, and 
these should differ only in the configuration at Cy, It was found that isomer (IV) is more readily dehydrated and _ 


more difficultly esterified than (II), and, consequently, it must contain an axial hydroxyl group at C,, as shown — 
in the scheme on the following page, 
Consideration of molecular models show that shosbel (IV) with a phenyl group in the equatorial paises is 
thermodynamically more favored, and it was indeed found that the isomeric alcohol (III) could be readily converted 
into (IV) in reactions proceeding with Walden inversion atC, [1]. All of these data quite persuasively show that 


promedol alcohol (II), in which there is trans disposition of the methyl groups, has cis disposition os the phenyl» 


PE 


. ture of which was confirmed by infrared spectroscopy. It was found that product (IX) has characteristic absorption 


group at C, and tie methyl group at Cs, while a-prome= 
dol alcohol (IV) is the isomer with trans disposition of 
these groups, Previously, and without sufficient basis, the 
contrary configurations at C, were erroneously ascribed to 
these alcohols [3). 


It is considerably more difficult to establish proof of 
the configurations of isomers (V) and (VI), in which the cis 
distribution of the methyl groups can promote ready conver- 
sion of the rings, Owing to the presence of such transforma- 
tions, cis isomers (V) and (VI) are not appreciably distinct 
in trans-esterification and trans-elimination reactions, 


The question of the conformations of these isomers can be quite unequivocally decided by a study of the pro- 
ducts of the catalytic hydrogenation of the previously obtained [1]1, 2 5-trimethyl-4-phenyl- A°-dehydro-4-pi- 
peridol (VIII, the structure and configuration of which were shown by special experiments, This unsaturated a. 


-4-phenylpiperidol (VUID, which is obtainable in good yield by the interaction of 1, 2, 5-trimethyl- 4°-dehydro-4- 


-piperidone (VI) with phenyllithium, proved <o be very easily dehydrated (even under conditions under which the 
propionate is prepared), which is proof of the presence of an axial hydroxyl group at Cy. Since the starting ma- 
terial in this synthesis scheme is trans-piperidone (I) which has the more stable diequatorial disposition of the meth- 
yl groups, the product A*-4-phenylpiperido! (VII) must have the same more favored equatorial disposition of the 
methyl group at C,, and, consequently, wiil have a cis configuration of this substituent with respect to the phenyl 
groups atC,. The structure of the 4*-4-pheny!piperidol (VOID was shown by oxidation to compound (IX), the struc- 


bands corresponding to the presence of the C = O bond of a tertiary amide (1642 cm-"), an unconjugated keto group 


(1706 cm~"), and an associated hydroxyl (3270 cm“), the formation of which is possible only by oxidation of a 
double bond at C¢ of the piperidine ring, 


cH, aM) bu, 


As seen from the steric formula of A*-4-pheny!piperidol (VIII), catalytic hydrogenation (cis addition of hy- 
drogen) of this compound must proceed without steric selectivity. in the case of the addition of hydrogen from the 
side opposite to the hydroxyl group, 1, 2, 5-trimethy]-4-phenyl-4-pip--ridol with trans disposition of the methyl 
groups and with cis disposition of the methyl group at C, and the hydroxy! at C, (isomer IV) must be formed. In 
the case of cis addition of hydrogen from the other side, the resulting product will have cis disposition of the methyl 
groups and trans disposition of the methyl group at C, and the hydroxyl at C, (isomer V). 
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It was found that catalytic hydrogenation of 1, 2, 5-trimethyl-4-phenyl- 4°-dehydro-4-piperidol actually — 
» ylelds a mixture of isomers, from which were isolated in a ratio of approximately 5:1 isomer (IV) and a new fsomer 
with an m,p, of 102-103°, which proved to be identical to isopromedol alcohol (V). These data, which-are addi- — 
tional confirmation of the configuration of a-promedol alcohol (IV), show that the third isomer (isopromedol ale - 
cohol V), which is prepared from cis-piperidone (1), has cis disposition of the methyl groups and, similarly to pro- 
medol alcohol (IJ), eis disposition of the phenyl group at C, and of the methyl group at Cg. In conformity with 

this, the fourth isomer (§-promedol alcohol VI) will have the only configuration possible for it cis ~~ of 

the methyl yroupe and trans disposition of the pey group at Ce and of the Ni groups at ~~ 


EXPERIMENTAL 


Isolation of §-promedol alcohol (VI), The mother liquors remaining from the isolation of isopromedol, 
promedol, and a-promedol alcohol (IV), which were prepared from 1 kg of a mixture of piperidones (I) and (ID) © 
rich in(D (1], were combined, treated with a base to saponify the esters and to decompose the salts, and distilled 
under vacuum, The fraction boiling at 135-150° at 2 mm (about 30 g) was treated with 30 ml of a saturated al- 
coholic solution of HCl, and 23 g of the hydrochloride of the isomer of 1, 
dol was obtained; m.p, 264-265° (from alcohol). 


Found %: N 5,55; 5.10 Calculated N 5.49. 
The bese of §-Isomer(VD melted 109-110, 


Found %; C 76,53; 76,70; H 9.37; 9.55; N 6,16; 6,21 Calculated te 16.10; 9.60; 


24 g of the hydrochloride of the 6-isomer of the propionace of 1, 2, ><a caleia-mneaaal 
m.p. 196-197° (from a mixture of alcohol and ether), was obtained by treatment of 2 g of (VD with a mixture 
of 2 ml of dichloroethane and 2 ml of propionyl chloride and allowing the mixture to stand for 12 hours at 20°, 


Found %; C 64,99; 65.05; H 8,08; 7.98; N 4.46; 4,50 Cy7HygNO,Cl, Calculated %: Cc H 8, 40; 
N 4.49 


Dehydration of 1, 2, (IV), and (VD. a) 3g promedel al- 
cohol (ILD was dissolved in 10 ml of 1:1 HCl, and the solution was heated for 2 hours on a boiling water bath; the 
solution was then cooled and treated with 10 ml of concentrated NH,OH. The oil which separated completely crys-— 
tallized after standing for 10 minutes; — of this material from hexane es 2 8 of the ata a> 
cohol (ID with an m.p, of 106-107, 


_ db) Similarly, heating 3 g of a-promedol alcohol av) in 10 ml of HCl and ei with ammonia gave an 
oil, which was extracted with ether and distilled under vacuum, 1.5 g of dehydration product, b,p, 85° at 2.5 mm 
[4], and 0.4 g of the original alcohol (IV), b.p. 145-146°/ 4 mm, m.p. 107-108°, were obtained, 


c) Dehydration of 3 g of isopromedol alcohol (V) or 3 g of §-promedol alcohol (VD under the same ‘condi- 
tions gave 2,5 g of the identical — eeetees with a b.p. of 108- wr 4mm; mp. of the hydrochloride - 
191-192, 


Found %: C 70,77; 70.90; H 8, 49; 8, N 6,01; 6.19 C10;90; H 8,43; 
N 5.90 


A mixture of the # hydrochloride of the product from the dehydration of anata (V) with the hydrochloride 
of the product of the dehydration of alcohol (IV) (m.p, 185-186°) melted at 150-160°, Y 


Oxidation of 1, 2, (VID, 10 g of ydropl- 
peridol (VIL) was dissolved in 100 ml of acetone, and a solution of 17.5 g of KMnO, in 500 ml of acetone was 
then slowly added with stirring, The precipitated manganese dioxide was filtered, the filtrate was evaporated 
under vacuum, the residue was extracted with ether, the ether was distiiled, and the liquid residue was treated 
with 10 mi of 85% hydrazine hydrate, The reaction mixture was allowed to stand overnight; it was then evaporated 
under vacuum at 100°, and 10 ml of benzene was added to the residue, 4 g of the hydrazone of 2-methylformyl- 
~amino-4-phenyl-4-hexanol-5-one (IX) precipitated; m.p, 138-140° (from benzene). ; 


Found %: C 63,16; 63.29; H 8,00 7,90; N 15,82; 15,73 balieniet Calculated %: C 63.50; H 8,32; 
N 15.90 
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Treatment ee the with HCl (1:1) alkalization gave ketone (IX), mp, 97-98" ether). 
Found C 66,95; 66.81; H 7.62; 7,69 Calculated %: C 67.4; H 7,63 


The infrared spectrum and characteristic atsorption bands a 1642 he (tertiary amide), 1706 mp (ketone), 
and 3270 mp (associated hydroxyl), 


Dehydration of 1, 2, 5-trimethyl-4-pheny!-4° ~dehydro-4-piperidol (VIM). A solution of 5 g of (VII) in - 
10 ml of dichloroethane was cooled with ice, 5 x of propiony] chloride was added, and the resulting solution 
was allowed to stand for 7 days at room temperaczice; the dichloroethane and propionyl chloride were then distilled 
under vacuum (the bath ak pea did’ not exosed tiki and the residue was dissolved in alcohol and treated with 
ether, 


From the resulting precipitate was isolated @.5 g of the hydrochloride of 1, 2, S-trmetyl-4-phenyy 
dropyridine with an m.p. of 255-256° (from a mixture of alcohol and ether). — 


Found: C 69.81; 17.33; N6,06 Calculated C 70,06; H 7.50; N 5.83 


Hydrogenation of 1, 2 -trimethyl-4-pherv1-a5-dehydro-4-piperidol, A solution of 11 g of dehydropiperi- © 
dol (VID in 50 ml of methanol was hydrogenate<é over Pt catalyst; 1200 ml of H, was absorbed in 8 hours, The so- 
lution was filtered free of catalyst and evaporated under vacuum, and the resulting crystalline precipitate was re- 
crystallized from isooctane, 4.5 g of a-promedci alcohol (IV) was separated, and the mother liquor was then di- 
stilled under vacuum, The fraction boiling at 122-140°/ 2 mm was treated with 5 ml of a saturated alcoholic so- 
lution of HCl, and 1.45 g of the hydrochloride cf =-promedol alcohol crystallized; treatment of the mother liquor 
with ammonia gave 1,2 g of isopromedol alcohei (V), m.p, 102-103°, a mixture of which with a sample of the 
we obtained material showed no depressiom of the melting — 
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SYNTHESIS OF TRIETHYLSILOXY DERIVATIVES OF VANADIUM 
AND ANTIMONY 


Member Acad, Sci, USSR K. A. “Andrtanoy, 
A. A. Zhdanov and E. A. Kashutina 


Institute of Heteroorganic Compounds Academy of aalenee USSR 


The development of investigations on the onlin of polymers, containing alternate atoms of metal and 
oxygen in the basic chain, is directly connected with the development of methods of synthesizing monomeric _ 
compounds with an Si~O-Me bond and among these, trialkylsiloxy derivatives of metals with the — for- 
mula (R3SiO), Me,where n fs the valence of the metal. are of definite interest, 


Among the methods described in the literature at the present time, an interesting route to the ssstlnt of | 
compounds of this type is the reaction - rear penaa cet! of sodium and some other metals with metal halides 


by the scheme 


+nR,SiONa— Me +nNacl. 


Using this route, we synthesized for the first time tetrakis-(trimethylsiloxy)-titarium [1], and also tetrakis-(tri- 
ethylsiloxy)-titanium [2], tetrakis-(dimethylphenylsiloxy)-titanium [3] and tetrakis-(triethylsiloxy)-tin 


In the present work we extended the method described above to the synthesis 9: vanadium and antimony 


triethylsilanolates by the following reaction acer 


3 (CaHs)s SiONa + VOCIg— OV [OSi (C;H,)s]s + 3NaCl, 
3 (CaH,)sSiONa + —Sb fost + 3NaCl. 


The experiments performed showed that these seenttane gave gusten: yields of 60~70% of theoretical, 


On investigating the properties of lead triethylsilanolate, which we synthesized previously [4], we estab- 
lished that this compound had a considerable reactivity. Thus, treatment of a complex of lead triethylsilanolate 
with titanium tetrachloride or vanadium oxychloride formed tetrakis-(triethylsiloxy)-ttanium of tris-{triethyl- 
siloxy)- vanadate, respectively, by the schemes 


2 {2Pb [OSi (OH)s) + 3TiClg 2Ti + 6PbCIs + Ti (OH)s, 
3 {2Pb [OSi (C,Hs)s]s-Pb (OH)s} + 4VOCIy 
4VO [OSI (C3Hy)s}s + + 3Pb(OH)s. 


These reactions, which we appiled to titanfum tetrachloride and vanadium cuyiliatti, are of general value 
for preparing trialkylsilyl derivatives of various ele=ent, 


Investigations of the intrared spectra of some of the compounds synthesized, carried out in the V, L Lenin 
All-Union Bectrotechnical Institute by N. Gashnikova, showed that the characteristic vibration frequencies (in 
cm) for the compounds investigated had the following values: VO[OSi(C,H,)5}, 2967, 2950, 2882, 1592, (V=O), 
2468, 1458, 1232, 1209, 1060(broad) , 1004, 989, 979, 962, 309, (V-O- 7), 727. 2Pb[Si (C,H 

* Pb(OH;), 2967, 2907, 2950, 2882, 1481, 1460, 1239, 1210, 1053, 1000, 988, 962, 861, (Pb—O), 724. 
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filtered free of precipitate, the precipitate washed on the filter with 100 ml 


_.was added to the solution dropwise over a period of 1.5 hours. The precipi- 
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' Bulova, Proc, Acad, Sci. USSR, 112, 1050 (1957).° 


stibine 


_ The properties of the compounds synthesized are presented in Table 


EX PERIMENTAL 


Tris-(triethylsiloxy)-vanadate, Into a three-necked flask, fitted with 
a stirrer, condenser with a calcium chloride tube and a dropping funnel, was 
placed a solution of 37.5 g (0.24 mole) of sodium triethylsiJanolate in 200 
ml of dry benzene, With careful stirring, a solution of 14 g (0.08 mole) of 
vanadium oxychloride in 50 ml of dry benzene was added to the solution drop- 
wise over a period of 40 min, At the end of the reaction, the solution was 


of dry benzene, the benzene distilled from the filtrate on a water bath and 
the residue then vacuum distilled, We obtained 2) g (60% of theoretical) 
of a light-yellow liquid with b.p. 186,5°/3,5 mm; dq’ 0.9816; nf 1.4820, 


Found C 46.88; 46.86; H 10,22; 10,38; Si 17.58; 17.41; V 10.68; 
10,54 CygHysO,SisV. Calculated %: C 46.92; H 9.84; Si 18.27; V 11.06 


" Tris-(triethylsiloxy)-stibine, This product was obtained from 46 g 
(0.3 mole) of sodium triethylsilanolate and 23 g (0.1 mcle) of antimony 
trichloride in 400 ml of benzene by an analogous method, 


Fractionation yielded 22 g (56% of theoretical) of a clear, colorless . 
liquid with b.p. 160—162°/1. mm; 1,1037; 1.4681, 


Found %e C 41.60; 41.48; H 9.28; 9.35; Si 16,08; 16,11; Sb 23,26; 
23.30 CygHgO,SisSb. Calculated % C 41.93; H 8.79; Si 16.33; Sb 23.62, 


Tetrakis-(triethylsiloxy)-titanium, The reaction was carried out in 
the same apparatus, Into the flask was placed a solution of 58 g (v.05 mole) 
of the derivative of bis-triethylsiloxylead in 100 ml of dry benzene, Aso- 
lution of 14.4 g (0.074 mole) of titanium tetrachloride in 50 ml of benzene 


tate was removed, the benzene distilled from the filtrate and the residue 
vacuum distilled, We obtained 14 g (50% of theoretical) of tetrakis-(tri- 
ethylsiloxy)-titanium with b.p. 176—178°/ 2.5 mm and m.p, 96°. 


Tris-({triethylsiloxy)-vanadate, This substance was obtained analog 
ously to tetrakis-(tilethylsiloxy)-titanium from 67.4 g (0.06 mole) of lead 
derivative and 12 g (0.02 mole) of vanadium oxychloride in 200 ml of ben- 
zene, Distillation of the filtrate after removal of the lead chloride precipi- 
tate yielded vanadate with b.p. 169~171°/ 1.5 mm; 

0.9809; nB 1.4812, 
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CATALYTIC HYDROGENATION OF DIENE HYDROCARBONS > 
WITH AN ISOLATED SYSTEM OF DOUBLE BONDS IN THE PRESENCE 
OF PLATINUM AND PALLADIUM 3 


Academician B, A. Kazanskii, I. Vv. Gostunskaya 
and A, I. Leonova 


M, V. Lomonosov State University Moscow - 


_ Metallic platinum and palladium which howe a general capacity for catalyzing the addition of ities 
to unsaturated compounds behave differently during hydrogenation, 


Thus, for example, in the incomplete hydrogenation of monoolefins in the liquid phase in the presence of | 
palladium, the reaction products contain new monoolefins formed by transposition of the double bonds in the a 
inal hydrocarbon fl, 2). Sucha transposition of bonds does not occur in the presence of platinum [2, 3]. 


It seemed interesting to us to determine how dienes with an isolated system of double bonds would behave _ 
under these conditions, It is known that in heterogeneous catalysis at temperatures above 200° such dienes are 
isomerized in the presence of palladium and platinum into dienes with a conjugated system of double bonds [4]. 

In this work we used hexadiene-1, 5 (diallyl), 2-methylhexadiene-2, 5, 2-methylhexadiene-1, 5 and 2, 5«dime- 
thylhexadiene-1, 5 (dimethallyl). To them was added half a molecule of hydrogen at room temperature inthe _ 
presence of platinum and palladium; in each case there should have been formed a mixture of equal amounts of 
mono- and diolefin, 


It was found that with partial hpdegenetion of hexadiene-1, 5 in the presence of tien, the reaction 
products contained not hexene-1, but also n-hexane with unreacted diallyl: 


CH; = CH — CHs— CH, —CHs— City (27%) 
cH CHs — CHs — CH, — — CHs —CH; (12%) 
CH, = CH — Cis — CH =CH, (61%) 
In the presence of palladium the hydrogenation product consisted of hie and its isomer, hexene-2; . 


together with unreacted hexadiene-1, 5, its isomerization tit hexadiene-1, 4 appeared, n-Hexane was — 
absent: 


CHs= CH (23%) 
CH; — CH = CH—CH;—CHs—CHs (27%) 
CH; (33%) 
CH; =: CH —CHy—CH =CH—CHs (17% 


=CH, 


It should be emphasized that the hydrogenation products of dially] with palladium did not contain the ex- 
pected diene with a conjugated system of double bonds, The hydrogenation products of 2-methylhexadiene-1, 5 
and 2, 5-dimethylhexadiene-1, 5 did not contain conjugated dienes, i,e, in these cases also only «me of the two 
double bonds underwent transposition, 
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TABLE 


Pract, | B.p.,"Cat |AMt | 29 
a 


ation 
No. | 760mm [98 in % 
59,259 41,7 | 1,6042 | 0.6010 
2 434 | 953900 | 472 
3 62;8—63,7 4:4 | 453890 | 0/6739 | 405 
8—68,2 4.7 | 4.309 | 056684 
Rea, 2,6 41,3770 0,6610 9 


3. In contrast to 1, 5-dienes, under the same condi- 

sence of whe P diene with a conjugated system of double bonds, namely 
adium, 2-methylhcxadiene=2, 4, to approximately 19%, 


Apparently the absence of conjugated dienes in the hydrogenation of 1, 5-dienes with palladium should be" 
explained by an unfavorable ratio of the rates of hydrogenatfon and isomerization, proceeding on the palladium 
surface, It should also be noted that both reactions affected only one of the two double bonds of the diene, Trans- 
position of the double bonds during hydrogenation of unsaturated compounds with palladium may influence the 
kinetics of hydrogen addition, Therefore, conclusions on the relation between the structure of the compound hy- 
drogenated and the rate of addition should be drawn with care and these possible omg 


TABLE ? 
Hydrocarbon B.p. | Hydrocarbon Ts 
“Hexadiene-1, 65 1.415 | 0.699 |(5) !2-Methylhexene-2 95.411.4104 0. 7082] (5) 
Hexad{fene-1, 3 13 1.438 | 0.705 | (5) | 2-Methylhexene-4 cis 910/1400 0.700 (5) 
Hexadiene-2, 4 80 1.450 | 0.720 |(5) | 2-Methythexene-4 trans 86.0 
Hexene-1 63.5 13879 0.6732 (5) | 2-Methylhexene-5 85. 3) 1 3964 0. 6920] (5) 
Hexene-2 cis 68.8 13977 0. 6869 (5) | 2, 5-Dimethylhexadiene-i, 4 116.5}1.437 | 0.749 | (6) 
Hexene-2 trans 67.9 13939 0.6784 (5) 2, 5-Dimethylhexadiene-2, 4 134. 478]j 0. 7615) (6) 
Hexene . 68.7 13749 0.6594 (5) |2, 5-Dimethylhexene-1 1116 1410510. 1172} (5) 
2-Methylhexadiene-2, 5 |91.5-92.0] 14390 0.7258 (6) | 2, S-Dimethylhexene-2 112. 2] 4140) 0. 7203} (5) 
2-Methylhexadiene-2,4| 1115 | 14680 0.7449 (5) 
2-Methylhexene-1 92.0 | 14094 0.7030) (6) 
‘ co | | 
B.p.. e B °C. co 
Fract. 2 2a. 
at760 |E| 33 Fract. | >| 
No. |mm <, 98 No. |mm < ‘Ds 
4 | 59,6~60,0 |15,2) 1,6042 | 0,6909 | 200 1 | 86,0~—86,7 | 2,4] 4,4090 | 0,6070] 428 
2 | 60,1—63;4 | 4,4] 4.3975 | 0.6838 | 159 2 | 86,7—88,1 | 4,21 1.4089 | 0.7055 | 447 
3 | | 6,8] 4.3010 | 0,6763 | 146 3 | | 2,81 1.4125 10,7118 | 970° 
| | 6,1] 4.3970 | 0.6532 128 | 88,5—90,7 | 4,3] 4.4160 | 468 
& | | 4:1] 1.5045 | 0,6909 173 & | 90,8-91,5 110.7] 1.4190 | 0.7114] 482 
Rex, | "— | 4,9) 1.3006 | 0.68751 97 Res, | | 3,6] 41,4138 | 0,710] 408 
EX PERIMENTAL 


Characteristics of dienes used, Hexadiene-i, 5: b.p, 597°, 1,4042, ae 0.6909, 


5: 88.2", np 1.4184, dg 0, 1286. 5: b.p. 93,0°, n nb 1.4258, 0.7252, 2 5-dimethyl- 
hexadiene-1l, 5: 114.2, 1.4293, 0.7412, 


- 

a4 

4 
: 

: 
; 
a 


Experimental procedure, The hydrogenation was carried out at room temperature and seinaighintte pressure 
in a medium of 95% ethyl alcohol (2), The amount of platinum and palladium blacks taken represented 2,3 mole - 
percent with respect to diene, The composition of the reaction products was established by distillation on a column 


cr 
Fig. 2, Distillation curves of hydrogenation pro- Fig, 3, Distillation curve of 2, 5-dimethylhex- 
ducts: 2-methylhexadiene-1, 5, 2-methyl- adiene-1, 5 hydrogenation products, 
5. 
i | 85,8-86,2 11, | 1.3990 | 0,69277] 4 |403,0—92,1]3,6 | 1,4079 | 0,7101 | 400 
2 | 86,3—88,1 | 1.4012 | 0.6951 | 108 2 | 41,4145 | 0.7193 | 408 
3 | 88,2—91,0 |1.5 | 4/4085 | 0.2038 | 439 | 4.4185 | 0.7237 | 126 
& 91,4—-93,0 5.7 | 4.4188 | 0.7176] 178 | 41,4230 | 0/7305] 153 
| 93,7105 4.4167 | 0.7174] — 41,4311 | 0.7608 | 488 
6 165-111 4, 0, 6 146,5 [2,41 1,4360 | 0.7664 189 


Hydrogenation of diallyl in the presence of platinum black. 27.6 g of diene was taken for hydrogenation; we 
obtained 26.5 g of hydrogenation poe, Tke Gistillation curve is Pie in ‘i 1 and the characteristics of 
the fractions in Table 1, 


A comparison of the properties of the fractions obtained with the properties of the hydrocarbons, which could 
have been formed by hydrogenation and isomerization of dially] (Table 2), shows that fraction 1 was original di-. 
allyl, fraction 3, hexene-1 and the residue, hexane, 


Hydrogenation of diallyl inthe presence of palladium black, 55,2 g of diene was taken for ‘biti we ob- 
tained 52,7 g of hydrogenation products, The distillation curve is given in ~~ 1 and the characteristics of the 
fractions in Table 3, x 


Fraction 1 was diallyl, fraction 3 was similar to hexene-1 and, judging by saletaniitiin, fraction 5 contained 
a considerable ~e of diene, aye distillation of this iracdon on a column yielded a narrow fraction with 
b.p. 65.3 — 65,4°, 1.4081, 0. 6974, 


_ In all characteristics, this fraction was close to hexadiene-1, 4, 


Hydrogenation of 2-methylhexadiene-1, 5 in the presence of palladium black, 43,2 g of diene was taken for 
hydrogenation; we obtained 41.9 g of hydrogenation products, The distillation curve is given in Fig. 2 and the 
characteristics of the fractions in Table 4, 


Comparison of the properties of the fractions obtained with those of the possible reaction products (Table 2) 
shows that the reaction mixture was very complex and it was only possible to say with certainty that the mixture 
did not contain the diene with a conjugated system of double bonds, 2-methylhexadiene-2, 4, 
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Hydrogenation of 2-methylhexadiene=2, 5 in the presence. of palladium black, 14,2 g of diene was taken for 


hydrogenation; 13.5 g of hydrocarbons was obtained after a. The distillation curve is given in Pig, 2 
and the characteristics of the fractions in Table 5, 


Fraction 6 contained the diene with a conjugated system of double bonds, 2-methylhexadlene-2, 4 (Table 2, 
and this represented about 15% of the reaction products, 


~ Hydrogenation of 2, 5-dimethylhexadiene-1, 5 in the presence of palladium black, 27.4 g of diene was 


taken for hydrogenation; we obtained 26.5 g of hydrogenation seaicenee: The distillation curve is presented in 
Fig. 3 and the characteristics of the fractions in Table 6, 


Fractions 5 and 6 apparently contained 2 5-dimethylhexadiene-1, 4 (Table 2). 
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ANALYSIS OF A .:IXTURE OF DIMETHYL ESTERS 
OF BENZENEDICARBOXYLIC ACIDS BY MEANS | 
OF GAS-LIQUID CHROMATOGRAPHY 


R, Komers and V. Bazhant 


Organic Technology Department Chemica! 
Czechoslovakian Academy of Sciences Prague 


(Presented by Academician B, A. Kazanskii April 1, 1959) 


Benzenedicarboxylic acids (phthalic, isophthalic and terephthalic) have recenti* acquired great importance 
as intermediates in the preparation of certain plastics; this applies particularly to terephthalic acid, which is used 
for the production of artificial fibers of the polyester type. A determining factor for the quality of the fibers is _ 


the high purity of the terephthalic acid of its ester, the material for the of 


Fig. 1, Chromatogram of a mixture of methyl benzoate and dimethyl 


benzenedicarboxylates on a column (4. 80 m teas vn erythritol as the 
— phase at 165° C, 


The methods described im the literature [, ~ 6] for determining the purity of terephthalic acid and its iso- 
mers and their derivatives are, on theone hand, very laborious and not very accurate and on the other, do not 
allow the simultaneous determination of all three isomers, A mixture of terephthalic and isophthalic acids was 
separated by a gravimetric method, based on the different solubilities of their thallium salts 1]. By means of 
chromatography on silica gel [2 3] and on paper [4], phthalic acid has been separated from a mixture of {soph 
thalic and terephthalic acids, but this mixture remained unresolved, Micheel and Schweppe [5] converted a 
mixture of isomeric benzenedicarboxylic acids into hydroxamic acids, which were then chromatographed on 
paper, However,the Ry values obtained for isophthalic and terephthalic acids were very close to each other so 
that the method was only applicable to a limited extent, Since isophthalic and terephthalic acids could not be 
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TABLE 1 
Chromatographic Spectrum of a Mixture: 
of Methyl Berzoate and Dimethyl Ben- 
zenedicarboxylates 


B.p.. elative 
Substance lution 
PC lume 
Methy] benzoate 198} 0,10 


Dimethylphthalate | 264] 1,42 


Dimethyl {sophthalate] 269 1,00 


Dimethyl isophtha- 
late 274 0, 88 


of dimethy! Isophthalate= 85 


"separated by paper chromatography, Franc (6) described the ni- 


tration of a mixture of them with subsequent separation of the 


nitro derivatives obtained on paper, Phthalic acid (its 3- and 4- 
nitro derivatives) interfered in this case, 


_ We established that by the use of gas — liquid claves: 


graphy [7] on certain stationary phases containing hydroxy groups, . | 


it was possible to achieve the desired separation on the basis of 
the different associations of the separate isomeric methy] esters 
with the stationary phase, The presence of the benzoic ester had 


no effect on the results of the chromatographic analysis since its 


elution characteristic was of a different order from those of the 
dicarboxylic esters mentioned above, 


For the work we used a Griffin and George (London) appara- 


| tus of the normal plan with a platinum flow detector based on 
' thermal conductivity, and a recording millivoltmeter (0— 1 mv). 


Nitrogen was the carrier gas used, The operating temperature was 


165° and the column packing used was the porous material * Poro- 


vina® [8] with a grain size of 0,200.20 mm, impregnated with 
10.8% of erythritol. The characteristic elution data were deter- 
mined with a column with a packing containing 18,65 g of active 


material; the data were expressed relative to sdenenyi isophthalate, The specific elution volume V? for dimethyl 
isophthalate was calculated, The results are — in Table 1, The course of a ee nee is 
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CERTAIN FEATURES OF NONEQUILIBRIUM ° 


Corresponding Member of the Acad. Sci, USSR V. V. Korshak, 
T. M. Frunze, V. V. Kurashev and A. Yu. Alybinas 


Institute of Heteroorganic Compounds Academy of apse USSR. 


As one of us showed in a series of QJ, proceeding. 
by the interaction of a diamine with dicarboxylic acids or rab the latter with glycols has a series of special charac- 
teristics, 


One of the most important characteristics cf polycondensation is reversible character of 
both the main polymer reaction: 


x HOOC (CHy), COOH +xH3N CH,), 
= HO [— CO (CHs)_ CO.NH (CH), NH —], H + (2x—1) 


and those associated conversions, exchange reactions, which proceed simultaneously [2]. . These reactions pro- 
ceed between growing polyamide molecules through the terminal groups and the amide bonds in the maczomole- 
cule [3]. Such exchange reactions, which are for the most part of a destructive character, cause a definite and — 
quite narrow molecular weight distribution of the polymer formed [4]. | 


The presence of exchange reactions leads to an equilibrium in polycondensation being established in the 
system and this is designated as a “polycondensation equilibrium" [5}. As a result of this equilibrium, an excess 
of one of the starting components has a great effect on the molecular weight of the product obtained [6] as is 
shown in Fig, 2, Additions of monofunctional substances act in tied ‘the same way and lower the molecular 
weight of the polymer obtained, © 


We undertook this investigation to determine how these relations varied when the pilyoondenssiion was 
carried out as a nonequilibrium process, The interaction of diacid chloride of dicarboxylic acids with diamines — 
can serve as an example of this ‘ype of reaction ‘ 


x CICO (CH), COC] + x (CHa)s NHs—> CO (CHa), CONH (Cli, NH —), +2 


If this reaction occurs at the boundary of two phases with the starting reagents used as solutions in two © 
immiscible liquids [7], then it proceeds very rapidly and at low setuliti Le, water conditions when there 
are no exchange reactions, 


We investigated the reaction between hexamethylenediamine and edipyl chloride, For the reaction ¥ we 
used an aqueous solution of hexamethylenediamine, to » which the necessary amount of alkali had been added, 
and a benzene solution of adipyl chloride, 


The effect of the concentration of the starting materials on the yield and the molecular wig of the poly- 
mers formed was first determined, As Fig. 1 shows, the optimal concentration giving the highest yield of products 


* Only part of the results obtained is presented in the article, A fuller description of the work will be given 


in a detailed article in another place, 
°° P, A, Alievskii participated in the experimental work, 


; 


c 
Fig. 1. Change in molecular weight (1, 2) and yteld (3) of 
polyamide in relation to the starting concentrations of the 
reagents: 1) with removal of the polyamide from solution; 
2) with stirring of the starting solutions; 3) change in yield 


of polyamide with 
TABLE 1 
Ww amethy- With excess adipyl 
_ Amt ofex- fenedia y chloride 
cess com 
eat, mol yield, spec. yleld, % 
of 0. mol, L 
solution, n of theo- |5 then mol | of theo- 
at | retical (3 WG retical 
0,53 14300} 32 0,53 14300 32 
5 0,55 14700 Ku 0,58. 15400 39 
10 0,53 14300 2 0,54 14500 22 
ys) 0,49 13400 16 0,53 14300 33 
OD 0,55 14800 35 0,49 13400 33 
100 . 0,52 14100] - 28 0,57 15400 22 


Footnote: The reaction was carried out by stirring 0.15 M solutions of th 
starting reagents for 10 min, at a stirrer speed of about 1000 rpm. 


with the highest molecular weight was found to be 0.15 mole/liter of solution, Therefore all subseqyent experi- 
ments were carried out at this concentration with the two stazting reagents used as enecacsen of identical concen- 
tation, 


To determine the effect of the ratio of starting materials on the molecular weight of the pilates formed, 
we carried out a sezies of experiment in which either one oc the other of the starting materials was taken in ex- 
cess, In both cases up te 100 mole excess of the starting mat-zrials was used, 


However, despite che presence of such great excesses of this or that starting reagent, the polyamides ob- 
tained had practically the same molecular weights, The variation in the values of the molecular weighs lay 
within the limits of experimental error as can be seen from Table 1, 
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Mol. weight 


mole of component B_ Excess of component mole® 


Fig. 2, Dependence of polyamide molecular weight on excess of starting 
components: 1) ia nonequilibrium polycondensation in relation te excess ~~ 
of hexamethylenediamine (A) and adipyl chloride (B); 2) in equilibrium 
polycondensation in relation to excess of (A) 
adipic acid (B) ; 


2 nol 
Fig. 3, Change in molecular weight of polyamide 
in relation to the addition of various amount of 9000 


polymer was with stirr- 2 mole % 
ing) Butytyl chloride 


Fig. 4. Change in molecular weight of 


lyamide in relation to the addition of 
Consequently, a change in the ratio of the starting oa or s amounts of butyryl chloride (the 


materials had practically no effectonthe molecular weight 

of the polyamides formed, It is interesting to compare ientemcs a? 

this feature of nonequilibrium polycondensation with the 

fact that equilibrium: pe! ycondensation of the dicarboxylic 

acids themselves with diamines shows the dependence illustrated in Fig. 2, where the great effect of an excess of 
one of the starting materials is clearly shown, For comparison, the same figure shows data which we obtained for 


nonequilibrium polycondensation, 
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In any case, the factor leading to the cessation of reaction and stopping chain growth was the formation of 

- a polyamide film at the boundary of the two phases, The starting materials could not diffuse through the film 

formed and therefore the reaction stopped long before complete exhaustion of the starting materials, Consequently, 

the effect of an excess of this or that component was of no importance, The situation was different in the case 

of equilibrium polycondensation where the reaction proceeded in a homogeneous melt and due to this the starting 
materials taken were able to react completely. 


in connection with the results obtained, it was interesting to examine how the molecular weight in non- 
equilibrium polycondensation would be affected by the addition of monofunctional substances of the same chemical 
"mature as the starting materials of the main reaction, For this purpose, we — the effect of —e chad 
chloride to a benzene solution of the original acid chloride, “ 


__. As can be seen from this figure, the addition of butyryl chloride led to a asibenaite fall in the molecular 
weight of the polyamide formed, To convince ourselves of the reliability of this result and exclude the effect of 
chance, we carried out this reaction with the addition of n-butylamine to an aqueous solution of hexamethylene~ s 
diamine, Here, the addition also had a considerable effect on the molecular weight of the polyamide (cf. Figs, = 
3 and 4). With an increase in the amount of n-butylamine, the molecular weight of the polyamide obtained fell. ie 


Such a difference in the behavior of monofunctional and difunctional substances in this reaction may only 
be explained on the basis of the chain-growth mechanism that occurs in this case, 


" The presence of excess of one of the starting materials does not lead to a loss in reactivity of the terminal 
gra ‘s of the — forming, as is shown below: 


—>... —NH 
(CH;),CONH (CH3)sNH3+HC 
Therefore, the terminal groups do not lose their capacity to react with the other starting material and thus the 


chain grows further until its growth ceases as a result of other factors, When monofunctional substances are added, ‘a : 
they close off the reactive terminal groups, as shown below: : 


(CH3)(COCI + . . . — CO (CH;)CONHR + HCl. 


Thus a polymer with such unreactive groups at both ends loses its capacity for further growth, Here the 
fall in molecular weight depends directly on the amount of monofunctional substance added, 


These results indicate the essential difference between equilibrium and non-equilibrium polycondensations, x 
In these. two cases the effect of excess of the starting materials is different, while the effect of adding a mono- B 
functional substance is the same and lowers the molecular weight, a 
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SYNTHESIS AND REARRANGEMENTS THE THIAZOLINIMINE SERIES 


*K. M, Murav'eva and N. Shchukina 
S. Ordzhonikidze All-Union Chemtcopharmaceutical Sclentific Research Institute 
(Presented by Academician L L, Knunyants A, 
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In the condensation of thiourea or substituted thioureas with c-halocarbonyl compounds derivatives of 
2-aminothiazole or thiazolinimine are formed, 


On the example of the condensation of substituted 2-mercapmicnibesiiiie with a-haloketones, it was ‘aon 


that the forination of 1-b)-thiazoles proceeded through the intermediate of comp= 
ounds [1, 2). 


In the present work we studied the condensation of a-haloketones with speciale diary!- and arylacyl- 
thioureas and also investigated the rearrangements we observed in the cyclic compounds obtained, 


We confirmed that the course of the reaction depended on the presence of hydrogen ions in the reaction 
medium. If the hydrogen halide formed was bound with triethylamine, then we obtained 4-hydroxythiazolidine 
derivatives, which lost water when dissolved in aqueous or alcoholic hydrochloric acid. The intermediate hy- 
droxy compounds were unstable, especially in those cases when they were obtained from diarylthioureas, For 
example, by condensation of chloroacetone with thiocarbanilide in methylene chloride solution in the presence 
ef triethylamine at room temperature we obtained a compound, whose elementary analysis, hydroxy] content and_- 
IR spectrum showed thet it was (Table 1, Ia). 
ing, this substance lost water and was obtained from chloroacetone and thiocarbanilide [3] in alcohol solution with- | 
out the addition of base, A mixture of (I) and (Ia) showed “epression of melting point only in a sealed capillary. 
By condensation of symmetrical ditolyl- and diphenetidylthiourea with chloroacetone it was impossible to obtain 
intermediate hydroxy compounds and we obtained directly 2-tolylimino-3-tolyl-4-methylthiazoline (Il) and 2- 
~p-ethoxyphenylimino-3-p-ethoxyphenyl-4-methylthiazoline (I), which were also formed by condensation of 
the components without binding the hydrogen chioride with a base, 


The intermediate substances obtained by condensation of a-haloketones with N-aryl-N'-acylthioureas were . 
found to be more stable, On a series of examples, it was shown that 4-hydroxythiazolidine compounds were ob- 
tained in the presence of triethylamine both in methylene chloride solution at room temperature and in alcohol 
solution with heating, Whenteated with hydrochloric acid in the cold or heated with an alcohol solution of hy- 
drogen chloride, they lost water and were converted into the corresponding thiazoline compounds, which differed 
sharply in melting point in most cases, From chloroacetone and benzoylphenylthiourea we obtained 2-benzoyl- 
imino-3-phenyl-4-methyl-4- hydrox ythiazolidine (IVa) and 2-henzoylimino-3-phenyl-4-methylthiazoline (IV), 
from chloroacetone and phenyl-p-nitrobenzoylthiourea, 2-(p-nitrobenzoylimino)-3-phenyl-4-methyl-4-hydroxy- 
thiazolidine (Va) and 2-(p-nitrobenzoylimino)-3-phenyl-4-methylthiazoline (V) and an analogous pair of sub- 
stances (VI and Vla) from chloroacetone and phenylacetylthiourea; from a-chlorocyclohexanone ¢*.2 phenyl- 
acetylthiourea we obtained 2-acetylimino-3-pheny]-4-hydroxy-4, 5-cyclotetramethylenethiazolidine (XIa) and 
2-acetylimino-3-phenyl-4, 5-cyclotetramethylenethiazoline-4 (XD; from w-bromoacetphenone and phenyl- 
benzoylthiourea, we obtained 2-benzoylimino-3, 4-diphenyl-4-hydroxythiazolidine (VIIa) and 2-benzoylimino=-3, 
4-diphenylthiazoline-4 (VID, In all caseS, the presence of a hydroxy group in the thiazolidine was demonstrated — 
by the IR spectra and also by direct determination of the hydroxy group by Zerevitinov’s method, Here the 4-hy- 
droxythiazolidine compound (XIa) gave two moles of methane, which corresponds to the behavior of alcohols with 
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hydrogen at a tertlary a-carbon atom, Condensation of a-chlorocyclohexanone with phenylbenzoylthiourea in 
methylene chloride solution in the presence of triethylamine yielded a mixture of the hydroxy compound with » 
the corresponding thiazoline (IX). On recrystallization and even more rapidly on treatment with hydrochloric 
acid, the elimination of water occurred with the formation of 2-benzoylimino-3-phenyl-4, 5-cyclotewamethy- 
lenethiazoline (IX), The intermediate compound could not be {isolated in the reaction of phenyl-p-nitrobenzoyl- - 
thiourea with a-chlorocyclohexanone, The instability of the 4-hydroxy compounds in these cases may be ex- 
plained by the conformation of the cyclohexane nucleus, causing the approach of the hydrogen and hydroxyl to 

the trans position, A similar phenomenon was observed by Stevens for 4, 5-eyclotetramethylenethiazolinones-2_ 


(4). 


On heating for a few minutes with ailiinia acid, the sepiiubsahbeiiiiene (Iv, Vv ond VI) we obtained 
were hydrolyzed to 2-imino-3-phenyl-4-methylthiazoline-4 (m.p, 85 — 86°, acetyl derivative, m.p, 182— 183°), 
which was described by Beyer [5]. If this imine was boiled with 20% hydrochloric acid for a few hours (or IV, V 
and VI boiled), then rearrangement occurred with the formation of 2-phenylamino-4-methylthiazole, We showed _ 
that the latter was identical with the compound obtained by Traumann's method [6] from chloroacetone and phenyl- 
thiourea, Cuinpound VII was hydrolyzed to 2-imino-3, 4-diphenylthiazoline-4, which was obtained by Beyer from 
w-thioc yanoacetophenone and aniline hydrochloride [5]. On prolonged boiling with hydrochloric acid, this imine 
rearranged into 2-phenylamino-4-phenylthiazole, which we identified with that described in the literature [5, 7]. 


By heating w-bromoacetophenone with phenylacetylthiourea in absolute alcohol we obtained 2-acetylimino-3, 
4-diphenylthiazoline-4 (VII). This compound was described by Beyer and was hydrolyzed to 2-imino-3, 4-di- 
phenylthiazoline-4, However, in the presence of triethylamine, w-bromoacetophenone and phenylacetylthiourea — 
formed hydroxy compound IVa, which was obtained under the same conditions from chloroacetone and phenyl- _ 
benzoylthiourea, Thus, during the course of the reaction the benzoyl appeared to have moved from the methylene 
group to the nitrogen of the thiourea residue and the acetyl from this nitrogen atom to the methylene group, 


When heated with 20% hydrochloric acid, compound (IX), 2: p-nitrobenzoyl-3-phenyl-4, 5, 6, T-tetrahy-_ 
drobenzthiazoline (X) and 2-acetylamino-3-phenyl-4, 5, 6, 7-tetrahydrobenzthiazoline (XI) were hydrolyzed to 
2-imino-3-phenyl-4, 5, 6, 7-tetrahydrobenzthiazoline (XI). On boiling for several days with 20% hydrochloric 
acid, this substance was converted into 2-phenylamino-4, 5, 6, 7-tetrahydrobenzthiazole (obtained by Indian 
authors by condensation of cyclohexanone with phenylthiourea in the presence of iodine [8}). It is interesting 
to note that in an attempt to prepare this substance by condensation of a-chlorocyclohexanone with sitiesieacoen ties 
was obtained, 


We consider that the conversions described can be explained in the setheitig way: the substituted thioureas 
in theiso form react with a-haloketones to form S-B-keto-substituted isothioureas, which rapidly undergo further 
‘ conversions, The carbonyl oxygen abstracts a proton from the aminophenyl residue, which also forms an N—C 
bond to give 4-hydroxythiazolidine compounds, that readily lose water, The rearrangement of 2-imino-3, 4-sub- 
stituted thiazolines on boiling with hydrochloric acid may be explained by the addition of a proton to the ring 
nitrogen, rupture of the 3, 4-bond and polarization of the molecule due to this with subsequent ving € closure at the 
imino group nitrogen to form thiazoles, 


We attempted to acetylate the hydroxyl group of 4-hydroxythiazolidine compounds with acetyl chloride or 
acetic anhydride, However, O-acetylation did not occur and there was either elimination of water, as in the case 
of (IVa) and (Va) and the formation of (IV) and (V), or rea.rangement involving rupture of the 3, 4-bond, Thus, — 
when heated with acetic anhydride, (VIla) formed 2-(N-phenyl-N-acetyl)-amino-4-pheny]-5-benzoylthiazol* 
(XL), in which the presence of a keto group was demonstrated by means of the IR spectrum, This substance was 
hydrolyzed by 20% hydrochloric acid with the formation of 2-phenylamino-4-pheny]-5-benzoylthiazole (XIV), 
whose structure we proved by synthesis from dibenzoylchloromethane and phenylthiourea, (XIV) was acetylated 
to (XII) by acetic anhydride, Similar conversions occurred with (VIa), which reacted with acetic anhy dride to 
give not only (VI), by loss of a molecule of water, but also 2-(N-phenyl-N-acetyl)-amino-4-methyl-5-acetyl- 
thiazole (XV). The latter was hydrolyzed to 2-phenylamino-4-methyl-5-acetylthiazole (XVI). The structure 
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of (X VD was proved by synthesis from diacetylchloromethane and phenylthiourea, The same substance (XVD was 
obtained from phenylacetylthiourea and chloroacetone in alcohol in the presence of triethylamine, These con- 
versions may be explained in the following way. In the action of acetic anhydride on (Via) and (VIa), opening 
of the thiazolidine ring occurred at the 3, 4-bond with the formation of an S-8-keto derivative of isothiourea and 
acetylation of the secondary amino group, In these keto compounds the hydrogen atoms vf the methylene group 
had a high lability and reacted with the carbonyl of the acyl residue at the imino group forming (XID and (XV). . 


The reactions investigated showed that condensation of a-haloketones with N-phenyl-N’-acylthioureas — 
proceeds through 4-hydroxythiazolidine derivatives and that these compounds, like 2-iminothiazolines-4, are 
very labile and capable of rearrangements of the hetero ring. 
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‘THE ADDITION OF LITHIUMDIETHYL- AND LITHIUMDIBUT YLAMIDES 


TO VINYLACETYLENE AND VINYLALKYLACETYLENES 


AL Petrov and A. ‘Kormer 
(Presented by Academician B, A. Arbuzov March 4 


There is very little information inthe literature on the interaction of vinylacetylene hydrocarbons with 
amines [1 — 3]. Only the addition of ammonia and certain amines to vinylacetylene has been investigated and 
the reaction was carried out at 100° at elevated pressure [1] or on a hetecogeneous catalyst at 250° (2). —: 
allene amines (1) or the of thier isomerization, 


| (ID 


In this work it was shown that the adducts of amines (diethyl- and dibutylamines) to vinylacetylenes (vinyl- 
acetylene, vinylmethylacetylene and vinylethylacetylene) were obtained by water treatment of the products from 
adding lithiumdialkylamides to these hydrocarbons, The lithiumdialkylamides reacted with ——r_ at 
room temperature and normal pressure, This reaction has not been described in the literature, 


Depending on the nature of the a and the amine, various Secale were obtained from the re~ 


Vinylacetylene formed amines (11) with: a terminal group com yield tn the case of fatethylamine) 


without any side processes, 


HC == C— CH = HC=C — CHL — CHANRs 
HC==C—CHs—CH;NRo (mp 


Vinylmethylacetylene gave predominantly the dimer (IV) in about 40% yield and polymers (25 ~ 30% yield). 
A very small amount of amines (5%) was formed and they had different structures depending on the natuse of the 
amide: in the case of lithiumdiethylamide addition, an a.nine with a terminal grouping (V) was formed 
and in the case of Pesce reg sori: an amine of the allene type (VD. 


H—C-=C_-CH=CH—CH,—CH (CHs)—CHs—C=CH 


(VD 


With lithtumdialkylamides, vinylethylacetylene gave amines of the allene type (VU in 45— 55% _— 
In zais case the amount of dimer dic r0t exceed 10%, 


The structure cf the aniines was demonstrated fist of all by their infrared spectra, The spectra of amines 
obtained from vinylacetylene and vinylmethylacetylene with lithiumdiethylamide showed only bands of a ter- 
minal acetylene group (3300 and 2123 em"), while the bands of allene and 1, 3-diene systems were absent 
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HC == C—CH = CHy > CH, = C=CHCH;NR, 
4g 


(Fig, 1, 1 and 2), The spectra of amines obtained from vinylmethylacetylene and dibutylamine and also all the 
amines from vinylethylacetylene had only the bands of an allene system at 1960 cm=* (Fig, 1, 3 and 4), Amines 
obtained from vinylacetylene and vinylmethylacetylene with ehethylamine were found to be identical in constans 
to 1-diethylaminobutyne-3 and 1-diethylaminopentyne-4, respectively, which are described in the literature [4], 
It should be noted that isomeric amines of the type HC # C ~ CH(NR,) — R, which could arise by a difierent order 
of addition of the lithiumdialkylamides to the vinylacetylenes, have quite different constants [4]. 


The structure of the amines obtained from vinylethylacetylene were confirmed by their hydrogenation on 
colloidal palladium to the corresponding dialkylhexylamines, which were prepared by another method for com= 
parison, The isomeric amines of the type C,Hg — CH(NR,) ~ C,H, have considerably lower boiling points [5]. 


On catalytic hydrogenation on colloidal palladium, the dimer of vinylmethylacetylene added 5 molecules 
of H, with the formation of 4-methylnonane and, consequently, had an open chair of carbon atoms, It was shown 
to contain two terminal acetylene bonds by the usual method [6]. 


‘The infrared spectrum of the dimer (Fig. 1, 5) showed two bands apap. esis dr to terminal acetylene bonds, 
one of which (2100 em?) was conjugated with a double bond, The band at 1616 em=! correspond to the conju- 
gated double bond, The presence of sist in the region of 964 em”? indicated that the double bond contained 


All sen data made it possible to assign the formula 
of 6-methylnonene-3-diyne-1, 8 (VD to the dimer, Judg~ — 
ing by es data (frequencies found: 969, 2092, 2127, © 

3024, 3290 cm="), the dimer of had 
an analcgous structure, 


It is most probable that the dimers were formed as 
‘a result of addition of the metallation products to the 
vinylalkylacetylenes with transposition of the multiple 
bonds to the end of the chain under the effect of the li-. . 
thiumdialkylamides, The constants of the substances ob- 
tained are given in Table 1, ; 


Thus, as a result of the given investigation it was 
established that lithiumdialkylamides added to vinyl- 
acetylenes similarly to alkyllithiums, i.e, the radical 
entered position 4 [7]. In both cases the reaction oT 
proceeded a mechanism, 


| 


Transmission 


EX PERIMENTAL 


\ The lithiumdialkylamides were prepared by he 


action of appropriate amines (0,5 — 0.7 mole) on ether 
solutions of methyllithium or ethyllithium (0.5 — 0,6 
mole) [8]. When vinylacetylene hydrecarbons (0.25 
mole) were introduced into these soiutions, a vigorous - 
¢ reaction was observed with a rise in temperature, After 
a standing for 1 — 24 hours (1 — 2 hours in the case of vinyl- = 
ethylacetylene and 12— 2% hours for the rest), the mix-- 
§ 9 ad _ ture was treated wit; water, dried over aluminum oxide 
can? and distilled, at first at normal pressure and then in va- 

cuum, The amines were freed from hydrocarbons by so- 

Fig. 1. Infrared transmission spectra: 1) 1-diethyl- —_—lution in dilute hydrochloric acid with subsequent libera- 

aminobutyne-3, 2) 1-diethylaminopentyne-4, 3) tion with alkali, The analytical data for the newly pre- 

1-dibutylaminopentadiene-2, 3, 4) 1-diethylami- pared substances are given in Table 2, 

nohexadiene-2, 3, 5) 6-methylnonene-3-diyne-1, 8. 


Hydrogenation of 1-diethylaminohexadiene-2, 3, 


During exhaustive hydrogenation, 3,1 g of amine absorbed 
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TABLE 1 


Substance 


HC == 


| 60,5—61,5 | 0,7901 | 41,4378 | 46,24] 45,70 
123—124 | 0,8119 | 41,4588 | 65,75] 65,26 
85—86 | 0,811 | 41,4554 151,30] 51,39 
C,H, —CH 136—136,5] 0,8150 | 41,4558 | 69,80] 69,86 


85°/110 mm, no” 1.4390, 
°° B.p. 76°/40 mm. Literature data [4]: bp. 76°/40 mm, oy 1,4380, 


‘TABLE 2 


143-143.5°/ 765 mm, 85°/116 mm. date {4}: 139-147"/ 680 mm, 


Found & 


Substance 
c | H 
CH,;—CH = C=CH —CH,N(GH»)s 79,71 | 12,94] 7,52 | 79,93] 12,90] 7,47 

79/75 | 13.07 

C:H,—CH= C= CH—CH,N(GH,)s 78,23] 12,46| 8,99 | 78,36] 12,46] 9,16 
78,44 | 12.53] 9°50 

C,H,— CH= C= CH— 80,48] 12,90] 7,44 | 80,31 | 13,00] 6,69 

HC -= C— CH= CH—CH,—CH—CH,—C=CH® | 90,91] 9,12] — |90,85] 9,45] — 
90/83} 9°42) — 4 


* Found : mol. weight 131.3, 132.9; amount of ~C = CH 1.98, 1.97%, 
Calculated: mol. weight 132.2; amount of = CH 2.00%, 


980 ml of Hy (757 mm, 18°), L.e., about 100% of theoretical. The. reaction yielded 
(2.8 g) with b.p, 179 — 180°/ 750 mm, 75.5 —76,5°/ 20 mm, 0,7688, 1 -4252, The same amine obtained 
from diethylamine and hexyl bromide had the coastants: b.p. 179 —180°/750 mm, a? 0.7676, a5 1 — The 
infrared spectra of the two amines did not differ, — 


Hydrogenation of 1-dibutylaminohexadiene-2, 3, During exhaustive hydrogenation, 4.15 g of the amine ab- 
sorbed 978 ml of H, (745.5 mm, 16°), i.e., about 100% of theoretical, The reaction mixture ylelded dibutylhexyl- 
amine (3.8 g) with b.p. 129—130°/ 20 mm, a 0, te nb 1, ov. The same amine obtained from dibutylamine 
and hexyl bromide had: b.p, 129—130°/ 20 m:a, d7 0, 7853, 05 1. 4350, The spectra of the two samples of amine — 
were the same, ; 


Hydrogenation of dimer of vinylmethylacety lene, During exhaustive spain 3.3 g of dimer absorbed 
2966 ml of H, (766.3 mm, 19°), which comespond: to. 98% of theoretical, We obtained 2.9 g of 4~methylnonane 
with b.p. 164—165°/750 mm, 82— 82,5°/ 50 mm, d2 0,7350, np 1.4148, These constants are extremely close to 
those given in the literature for 4-methylnonane [9]. The infrared spectra of the hydrocarbons and —— + 


methylnonane iid not differ, 


48 | 0,8031 | 1,4388 [40,99] 41,08 
7i—72. | 0,8346 | 1,4780 | 44,84 43,94 

| Calculated 


A) VA. J. Am, Chem, Soc., 78. 107 (2956); U.S, Pat, 2647147; Chen, 48, 1625 
ane. 
A. W. Sloan: U, Pat. 2419736; Abstr., 41, 4811 
[3] Brit. Pat. 516586; Chem, Abstr., 35, 6267 (1941). 
[4] Fisher, Prog. Chem., 27, 589 (1958) [USSR]. 
5) P. Bruylans, Bull, Soc, chim, Belg., 33, 477 (192). ; 
[6] S. Weibel, Identification of Organic Compounds, Foreign Lit, Press, 1957. (Russian Tran.) 
[1] A. A, Petrov and V. A. Kormer, Proc, Acad. Sci, USSR, 125, 1041 (1959), | 
(8) H. Gilman and N, N. Crounse et al., J. Am, Chem, Soc., 67, 2106 (1954). 
Physical Constans of Liquid Fuels and Oils, — Leningrad, 1953). 


Received February 28, 1959 : 


: 
‘ : 
- 
. 
q 


SYNTHESIS OF HIGHER KETONES BY OXIDATION 


— PARAFFINIC HY DROCARBONS 


v. v. Member of the Acad, Sel. 
USSR A. N. Bashkirov and M. M, Potarin . 2 


Institute of Petrochemical Synthesis Academy of — USSR 


In studying th the liquid phase oxidation of paraffinic diets we noticed that at temperatures of 120 - ots 
- 160%in the first stages of the oxidation, the formation of sg spats gee ata considerable rate, = : 


exceeding the rate of formation of alcohols and acids, 


Guided by ideas on the order in which oxy gen-coataiaing compounds of wactous classes are formed during 


_ oxidation of hydrocarbons (see scheme) fl, 2], it could be considered that in this case the ketones were largely 


formed directly from hydroperoxides. This observation served as the basis for an investigation aimed at deter- = 


- mining the of a directed of ketones oxidation bed 


To solve the we the effect of reaction conditions oxygen content of the oxi- 


dizing gas and oxidation time) and also the effect of various en on the oxidation rate and ries ott of 


the products obtained, 
We oxidized a fraction of synthetic paraffinic hydrocarbons (hydrogenated) boiling in the range 105-130" 


- atlmm Hs and onatieting of hydrocarbons with from 16 to 18 carbon etoms, This fraction had an iodine number 


of 2,3, dj’ 0.7722 and ni, 1.4366, 


The apparatus used and the oxidation and analysis procedures were described pisithoutly 3). The charge | 
of hydrocarbons to be oxidized was 60 g for each experiment and the consumption of —— gas was 1000 lises/ kg: 
hour for oxygen — nitrogen mixtures and 200 liter/ kg-hour for oxygen. 


_ Studying the effect of temnerature (see Table 1) showed that raising the temperature to 165° considerably 
increased the extent of conversion of original hydrocarbons, A further increase in the temperature to 185° had | 
hardly any effect on the extent of conversion, The greatest yield of ketones was observed at temperatures of 
120—140° (Table 1). In oxidation of the hydrocarbons with an — mixture containing 3.5% of 
oxygen and with oxygen, the same rules were observed, 


On studying the effect of concentration of oxygen in the oxidizing gas, it was established that increasing 
the latter frorn 3,5 tu 21% led to a reduction in the fraction of ketones in the reaction products (see Table 2). 
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TABLE 


Effect of tacdsbame on Composition of Oxidation Products From Paraffinic Hydrocar- 
bons (oxidation with air, oxidation time 4 hours) 


Analysis of oxidate Amount of 
compounds 
hydroxylearbonyl including, in mol 
33 3 3 number [number ‘tal, 
8 35 83/3 3 3 g acids | ketones | alcohols 
1% | 2,0 54 0,59 26,8 6 38.6 
| 9.9 | 5,0 13,0 36,7 1,24. 21,8 $2:6 26,0 
165° | — | | 43,2 530 | 52.8 4,02 31,3 23:8 45:2 
175 | — | 2,2 | 53,6 41,7 51,0 4310 36,1 2 41,7 
| — | 273 | 88, 4,24 26,9. 41,6 
* Gas + consumption 500 liter/ hou 
Effect of Oxygen in the Oxidizing Gas on the of the Oxide- 
tion Products from Paraffinic Hydrocarbons 
[oncen- Amount of oxy en-containing 
| S| Su} total, |_including, in mole % 
Sh. mmole/ | acids | ketones | alcohols 
Temperature 120°, — time 4 hours : 
3.5 42) 9.0 0,0 | 28 
2 | 21:0 | | 514 | 12,5 | 37.8 | 35,6 
100,0 = ise 55,0 3,6 
120°, — time 6 hours 
‘ 3.5 0.0 9. s10 2,0 78,0 0,0 
5 | 2170 | 8,3 3 | | 32:9 | 45,7 | 24 
6 | - 100;0 0,0 | 14,5 | 25.8 13,5 35,4 31,4 
TABLE 3 
Effect of Oxidation Time on the the Oxidation Product From Paraffinic 
Hydrocarbons 
Analysis of oxidate _| Amount of Foxygen-containing 
Oxidation compounds formed 
ume, Sy — total, including, in mole % 
‘ 10.3 | 52] 8, 0 35,2 1,37 17,4 48,0 38,6 
6 63 | 7.0 | 7.0 | 28,3 28,2 1,25 19,9 40,2 39,9 
8 38 | 9.7 | 15,7 336 2 


Simultaneously with this, the extent of conversion of the original hydrocarbons increased, The greatest yield of 
ketones was observed at a low concentration of oxygen in the oxidizing gas mixture, However,the possibility of 
finding other oxidation conditions, making it —- to obtain ketones in high yield, was not excluded, Ths, 


j 
~ 


for example, reducing the specific consumption of oxidizing 


minole/g from 1000 liter/kg- hour to 290 liter/ kg- hour and the 
| = eae use here of oxygen as the oxidizing gas made it possible to 
obtain a ketone yield of about 55 mole} on the paraffins 


acung (see Table 2), 


The effect of the oxidation time of 
3 carbons on the composition of the oxidate was studied for 


oxidation by an oxygen — nitrogen mixture containing 3.5% 
0 2 4 6 Jhours oxygen at a temperature of 140° (Table 3). 
Fig. 1. Kinetics of oxygen-containing com- - Data in Table 3 show that with an increase in oxidation 
pound accumulation (oxidation with oxygen _ time, the extent of oxidation of the original hydrocarbons in- 
at 120°), *) carbonyl compounds, 2) hydroxyl — creased and the ketone yield fell, Depending on the reaction | 
compoun. , 3) acids (free and bound), 4) to- conditions, the maximum ketone yield was observed at various 


tal content of oxygen=containing compounds, oxidation times, Thus, with oxidation by air at 140°, the opti- 
met oxidation time was 3 — 4 hours. : 


m mole/g GHG Ata temperature of 120° the process - hydrocarbon oxi- 


wv is _ dation was slowed after a certain time on reaching a certain 
; limiting degree of conversion, which depended on the reaction 


conditions (see Fig, 1). With oxidation by oxygen, this state 

set in when a degree of conversion of 10—15 mole% was reached, 
Subsequently there was some increase in the fraction of ketones 
and acids due to oxidation of the alcohols in the reactinn zone 
(see Fig. 1 and Exps. No. 1, 4, 2 and 5, Table 2). In this case 

it is probable that oxidation of the alechols could have occurred 
in the system with the oxidation of hydrocarbons slowed. 


The process of hydrocarbon oxidat!>n proceeds by a free 
radical] chain mechanism and is a process with degenerate bran- 
ching of the chains, The presence of autoacceleration of hydro- _ 

_ carbon oxidation reaction at comparatively low temperctures is. 
caused by the decomposition of hydroperoxides. The rate of 
oxidation depends to a large extent oa the rate of formation 

and concentration of free radicals in the reaction zone, - 


Bimolecular decomposition of [4] by the 


0 
Fig. 2, Kinetics of oxygen-containing com- 
at 140°), 1) Carbonyl compounds, 2) hydroxyl 
compounds, 3) acids (free and bound), 4) to- 2 i 
leads io chain In a system with build-up, decomposition of may also proceed. 
fi) by with a radical by reactions IL 


The slowing of the hydrocarbon oxidation re- 


— + R—-O'+ (1D 


action which we observed (at 120°) was probably due r'—cit— RM ROO ~ RI 4 
to the fact that the concentration of free radicals a don oon (1D 


responsible for the oxidation reaction fell sharply or 
their formation ceased completely, don ‘ 


a 


At higher temperatures slowing of the reaction was not observed and oxidation of the hydrocarbons proceeded — 
to a considerable degree of conversion (35 — 40 mole %), However, in this case, together with ketones there was 
accumulation of a large amount of alcohols, esters, acids and other oxygen-containing compounds (Fig. 2). 


An attempt to increasé the yield of ketones by the introduction of KMnO, FeSO, and other salts of variable 
valence metals did not lead to positive results, Therefore, subsequently our attention was directed to determining 
the possibility of influencing the rate of decomposition of hydroperoxides by reactions (I) and (I). It could be 
expected that if these reactions were responsible for branching, the rate of oxidation and the limiting extent of 
oxidation could be increased by introducing substances capable of forming a hydrogen bond with the oxygen of __ 
hydroperoxide [5]. To test this hypothesis experimentally we carried ovt experiments with the addition of mono- 
carboxylic acids ‘formic, butyric and caproic) and dibasic aliphatic acid (oxalic, succinic, adipic and sebacic) © 
and also of hydrogen bromide, chloride and sulfide, The investigation showed that in a series of cases the intro- 
duction of mono- and dibzic acids increased the fraction of ketones,due to a decrease in the formation of side- 
products (alcohols and acids) and the oxidation rate decreased somewhat at the -ame time, The introduction of 
hydrogen bromide, chloride and sulfide into the reaction zone had no essential effect on the extent of hydrocarbon 
conversion or the ratio between the the main products in the oxidate, 


The experimental data obtained indicate that under the conditions we studied the emit of free radicals 
responsible for branching proceeds mainiy through reaction (II) and not reactions (D and (1). 


For investigating the composition of the carbonyl compounds obtained by oxidation of paraffinic hydrocar- 
bons, the oxidate {acid number 5.4; ester no, 2.6; hydroxyl no, 5.4 and carbonyl number 25,5) was put through 


a separation procedure including the following operations: 1) chromatographic separation of unreacted hydrocar- 


bons from oxygen-containing compounds; 2) hydrolysis of the latter with alkali to isolate the fatty acids through 
their salts; 3) esterification of the alcohols with boric acid and 4) vacuum distillation of carbonyl compounds from 
the boric esters o. the alcohols, The distillate obtained hada capt number of 201,0, acid and ester numbes 


_ of zero and a hydroxyl number of 3.1, 


The carbonyl compounds isolated were a mixture of ibiaiae aliphatic ketones, 


3 Thus, as a result of the investiga::on it was shown that higher alipliatic ketones could be obtained by direct 
oxidation of paraffinic hydrocarbons in yields of about 65 mole % on tne hydrocarbon converted, Here the degree 
of conversion of the hydrocarbons was 10—15 mole %, Oxidation under conditions producing a higher degree of 
conversion of the hydrocarbons led to the formation of cons‘derable amounts of alcohols and acids in addition to 
ketones, 
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SYNTHESIS OF NICOTINIC ACID AND ITS AMIDE 
THROUGH NICOTINONITRILE 


R. Rafikov, B. V. Suvorov, 4. M. I. Khmura 


and M. V. Prokof' eva 
Intitite of Chemical Sciences Academy of Sciences Kazakh SSR 
(Presented by Academician M, M, Shemyakin October 20, 1958) _ 


Nicotinic acid and its amide have found wide application as the antipellagra vitamin ° PP* and for the 
ztynthesis of many important physiologically active substances oe er acid is also used as an efficient — 
growth accelerator for cotton plants [2]. 


Despite the great and ever increasing demand for nicotinic acid and its amide, present cau industrial meth- : 
ods for their preparation are based on the oxidation of pyridine derivatives to the acid with such oxidants as 
potassium permanganate, nitric acid and potassium bichromate [3] and subsequent conversion of the acid into 
the amide [4]. The yield of nicotinic acid thus varies over the range 45 — 60% of theoretical and the amide 
yield is about 60% of the acid taken, Le., not more than 35% on the original ne bet 8 ius to ue 
atmospheric oxygen as the oxidant gave insignificant yields [5]. 


We prepared nicotinic acid and nicotinamide by hydrolysis of nicotinonitrile, formed in high yield by 
oxidative ammonolysis of 8-picoline on vanadium catalysts, The possibility of vapor phase catalytic ammono- 
lysis of B-picoline with the formation of nicotinonitrile has been reported previously in certain patents [6). In 
this work we used a procedure developed previously for the oxidative ammonolysis of alkylbenzenes [7]. 


isolated from an industrial fraction [8], had the following constants: b.p. 142-143, 
dj’ 0.9560, nF, 1.5062, 


Oxidative ammonolysis of 8-piceline x was carried out in a flow type reactor, The catalyst used was grami~ 
lated tin vanadate, Air was used as oxidant; the ammonia was introduced into the reaction zone as a 20% aqueous 
solution, The contact time was 0,2—0.6 sec and the volume rate of starting material imput was 0,04— 0,07 liter 
per liter of catalyst per hour. 


The reaction products were passed successively through two flasks 3 liters ” ve fasteted cooled with cold epenst 
two bubblers’ with water and a scrubber sprayed with 5% alkali solution, ee 


The nicotinonitrile and unreacted B-picoline were extracted with ether. The extract was dried over fired 
sodium sulfate and fractionally distilled, The bulk of the nicotinonitrile distilled at 190 — 192°/ 695 mm. m.p, 
49 — 50°, On hydrolysis with water under pressure with a few drops of aqueous ammonia, the nicotinonitrile gave i 
nicotinamide with m.p. 129— 130° and nicotinic acid with m.p, 232— 234°, The yield of nicotinamide and ni- 
cotinic acid depended on the reaction conditions for nicotinonitrile hydrolysis, It should be noted that hydrolysis 
of nicotinonitrile occurred even on normal boiling with water, By changing the hydrolysis conditions, it was pos- 
sible to obtain a quantitative yietd of nicotinic acid or its amide, 


The gaseous reaction products (hydrogen cyanide, carbon morioxide and carbon dioxide) were see by 
a procedure developed previously 1). 


In all the experi iments the residue of the reaction liquid was evaporated and aeutcatines in pH 3.6 with hy- 


' drochloric acid to give a further amount (4— 5 of theoretical) of nicotinic acid with m.p, 233 — 234°, It is possible 


that it was formed in the collection system due to the ready hydrolyzability of nicotinonitrile, 


‘ 
ba 
| 
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ments were carried out at a contact time of 0.4 sec, 


1950, p. 48, 


mole/mole 
A 


Fig. 1. Oxidative ammonolysis of B-picoline: A) 5-fold excess of . 
ammonia, B) 10-fold excess of ammonia, C) 20-fold excess of am- 
monia, I) Unreacted 6-picoline, nicotinonitile, hydrocyanic 
acid, IV) carbon dioxide, - 


“As a result of preliminary experiments it was established that the contact time did not have a noticeable 
effect on the oxidative ammonolysis of B-picoline over the temperature interval investigated and fester experi- 


The reaction temperature had a consideratle effect on the yield of nicotinonitrile (fg 1). Increasing it . 
from 310 to 370° produced an increase in the nicotinonitrile yie‘d, A further increase in the temperature (up to 
400°) led to a decrease in the yield; simultaneously there was a sharp increase in carbon dioxide formation, It 
should be noted that this effect of temperature on the catalytic oxidative ammcnolysis of B-picoline was charac . 
teristic of all the experiments, despite the fact that the ratio of startiug materials, contact time and volume rate 
were varied over wide limits,. From this we can surmise that at high temperatures (370°), in addition te oxidative 
ammionolysis of B-picoline, there was also deep oxidation leading tc the formation of carbon dioxide, 


As Fig, 1 shows, a change in the amo-at of ammonia introduced into the reaction zone also had an effect 
ona the course of oxidative amrnonolysis of B-picoline, In the series of experiments described, the highest yield 
of nicotinonitrile (65.0% of theoretical) and the least carbon dioxide formation were observed at a 20-fold (with 
—— to theory) excess of ammonia, Consequently, excess of ammonia suppressed the deep oxidation processes. 


The yield of hydrocyanic acid was insignificant aud, depending on the ee — varied over 
the range 0.05 — 0.1 mole per mole of B-picolinetaken, 


Thus, the use of thecatalytic cxidative ammonolysis of 8-picoline makes it possible to obtain nicotinic acid 
in a total yield of more than 65% or nicotinamide in a yield of more than 60% on the starting material taken. The 
method does not require the use of difficultly available oxidants, For the synthesis of nicotinonitrile it is ee 
to use a normal apparatus, aa for the catalytic oxidation of ee: 
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ALKYLATION OF BENZENE AND ITS DERIVATIVES BY ISOPROPYL ALCOHOL 
OVER AN ALUMINOSILICATE CATALYST AT ATMOSPHERIC PRESSURE . 


M. B. Turova-Polyak and N. V. Rudenko 
M. V. Lomonosov State University Moscow 
(Presented by Academician A, A, Balandin March 4, 1959) 


The alkylation of benzene and its derivatives attracts considerable attention from investigators, This is 
connected with the ever increasing importance of various alkyl product, . 


As is known, aluminosilicate catalysts are widely used in cacalytic reactions at the present time, However, : 
vapor-phase alkylation at atmospheric pressure in the presence of these ener has not been sie gat suffi- 
ciently as yet, : 


We studied the alkylation of benzene, toluene, phenol, <aos== and bromobenzenes and slisioonbend wy 
isopropyl alcohol under the conditions mentioned above, "S59 


As a result we obtained cumene, which is a source of phenol ma scetone : M1). cymene, from which it is 
possible to obtain styrene homologs (monomers for the preparatioa of synthetic mbber) [2], alkylphenols, used | 


for detergents, phenol-formal dehyde resins and starting materials for preparing frost-resistant rubbers [3], halogen 


derivatives of benzene, which may be used as intermediates for vazious syntheses, especially for the preparation 
of halostyrenes [4] etc, The yield of rte reached 72% iz the case of cumene, 19% for os 81% “nd 


O24 6 86 EKA Bhous 


Fig. 1. Dependence of isopropylphenol 
0.2 hours”; 6 : 1) substances alkylated 

; Fig. 2, Dependence of alkylation product 


isopropylphenol, 69% for isopropyibromobenzene and 63% 
for isopropylchlorobenzene, calculated on the alcohol —~ 

taken for the reaction, The alkylation of nitrobenzene 

did not give positive results, 


In the work ft was also shown that the activity of the catalyst remained | quite high over a run aa approxi- 
mately 19 hours (Fig. 1). 


The data obtained indicates that the use of aluminosilicate catalysts for alkylation (ur-der our conditions) 
is advantageous, considering also the simplicity of their regeceracioa and their anticorrosive properties, 


% 


yields on volume rate (optimal tempera- 
‘ture; 6: 1): 1) benzene, 2) toluene, 3) 
phenol, 4) bromobenzene, 5) ch!aroben- 


Fig. 3. Dependence of alkylation re: 
duct yields on temperature (0,2 hours“! 

6 : 1): 1) benzene, 2) toluene, 3) elie 
4) bromobenzene, 5) chlorobenzene 


TABLE 1 


solar Yields of alkylation products in percents 
ratio of |isopropyl- | {isopropyl- isopropyl- | isopropylbro- |isopropylchlaro- 
sea benzene toluene phenol mobenzene jbenzene 

gents 

2:4 | 29,6} 29,8} 39,0 | — 16,5 | 19,5] 13,0 14,5 

4:1 |53,0158,.6| 60,0 | 62,6| 58,0] 58,7] 31,0 | 37,0] 31,0] 33,0 

6:41 | 59,0| 64,6] 74,0 | 80,2 | 63,5 73, 9 38,0 | 45,0] 33,0 33,5 

8:1 | 60,2] 8,5] 74,8 | 82,5) 70,0} — 42,0 | 53,5] 40,0 50,5 

20:4 | 73,51 94,0] 79,5 | 96,3 | 81,0 69,0 | 92,0] 63,3 81,0 


* Pure starting materials 
* *The same but unreacted in previous experiments 


; Insufficient attention is paid to the kinetics of alkylation in the presence of aluminosilicate catalysts, 


As an approach to this problem, in the present work we investigated the effect of various factors on the 
yield of monoalkyi products, namely the effect of the nature of the functional groups in the benzene ring, the _ 
reaction temperature, the volume rate of reagent input and the molar ratio of the components. 


The data we obtained agreed well with theoretical ideas based on the different activities of functional 
groups, The greater reactivity of phenol and toluene in electrophilic substitution as compared with benzene is 
explained by the capacity of 1st order orientants for strongly increasing the electron density of the nucleus, 


The presence of m-cymene as well as p-cymene in the alkylation products of toluene contradicted data 
oz the predominating orienting effect of the methyl group into the o- and p-positions, Howevez, in the catalytic 
alzylation of benzene homologs, the main reaction product is usually the m-isomer [5]. According to literature ” 
ézta [6], the ratio of the products of normal and anomalous orientation depends on the alkylation conditions, The 


higher the activity cf the catalyst, the longer the reaction and the higher the temperature, the greater is the tend-. 


excy for the formation of the anomalous m-derivative, . 


The somewhat lower yields of isopropylbromo=- and isopropylchlorobenzenes in comparison with the yields 
of cumene are explained by the fact that, as is known, the distribution of electron density in the molecule of 
bromo= and especially chlorobenzene is such that an sci Naat TES substitution reaction is hindered in compari- 
soa with benzene, 


: 
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The presence of a nitro group in the benzene nucleus decreases the electron density of the ring even more ate 
strongly, especially in the o= and p-positions, This fact agrees well with the data we obtained (Fig, 2). 


The mechanism of catalytic alkylation of aromatic compounds by alcohols has not been explained con- 
clusively, There is the opinion that the alkylation may proceed either by direct interaction of aromatic com- 
pounds with alcohols or with olefins or ethers obtained by preliminary dehydration of the alcohols, = 


To explain the mechanism of alkylation of aromatic compounds by alcohols in the presence of sineatnes 
silicate catalysts, it is necessary to have in view the following: an aluminosilocate catalyst contains [7] three _ 
types of hydroxyl group, which differ in their positions, The acid hydrogen ion of a hydroxyl group of an alumi- 


nosilicate center acts as a catalyst for reactions transfer, is one of these 
acdons [8). 


The dehydration of alcohols (for example ethyl on an alumineallicate surface proceed the. 
scheme 


to our observations, the dehydration of {sopropyl alcohol to on an surface 
proceeds very readily (apparent activation energy of 6000 kcal/mole). 


The propylene obtained forms a positively charged “carbonium ion® with the hydrogen of the pda group 
of an aluminosilicate center. Further interaction of the °carbonium ion” with a benzene nucleus sae t to the for= 
mation of alkyl products and regeneration of the proton[12, 14, 19. 


In a general form, the mechanism of the reaction we studied wiGked be described by the following equation: 


+ Ht (AL/Si cent Gut, 


The alkylation was carried out in the presence of 100 ml cf commercial aluminosflicate balls in a standard 


flow apparatus, The experiment duration ee varied from 1 to 3,5 hours with the reacting components int:oduced - 
at rates over the range from 0,1 to 1.0 hours", The experimental temperature was varied from 200 to 350°, 


The optimal yields of cumene, cymene and isopropylchlorobenzene were obtained at 250, of isopropyl- | 
bromobenzene at 275° and of isopropylphenol at 210 — 230° \Fig, 3). In all cases the volume rate reagent in- 
put was 0,2 hours~* (Fig. 4). By studying the dependence of the monoalkyl product yields on the molar ratio of 
the reacting components, it was established that a decrease in the concentration of alcohol in the mixtures pro- 
moted an increase in the yields of monoalkyl products, This was especially sharply expressed on increasing the 
concentration of the substance alkylated from 2 to 6 meeoeerd per molecule of alcohol, In this case the yield _ 
of alkyl products increased by a factor of two, 


By the use of mixtures containing unreacted (in previous experiments) excess benzene, ‘ini, netvelianen ; 
and phenols in a ratio of 20 molecules per molecule of alcohol the yield of monoalkyl products under optimal con- 
ditions was increased in certain cases from 73 to 94% (Table 1), We explain this increase in the yields by the 
presence in the reaction mixture of insignificant amounts of unsaturated compounds, activating the alkylation 
reaction [16], 


* Diisopropyl ether was not formed under our conditions, 
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by spectral analysis, 


~ 14919; a2? 0.8624; cymene had b.p. 89°/ 45 mm; nb 1.4931; 4?” 0.8613, By spectral analysis it was established 


acid with b.p, 241— 247", 


On the example of phenol alkylation it was established that during the first 5 hours of operation the activity 
of the catalyst was quite high (75% y.eld of alkylphenols), then it fell somewhat and became constant for a further 
15 hours (60 — 65% yield of alkylphenols) and after this the activity fell sharply (Fig. 1). The activity of the catalyst 
was restored completely by the passage of a strong stream of dry air for 2 — 25 hours at 500 — 550°, 


Individual alkylation products were isolated by distillation on columns with an efficiency of 40 and 80 t.p, 
The structure of the alkylation penton was ee Kd the apecrn of derivatives and in some cases 


cumene obtained had constants corresponding to ature data: b.p. 151.5 — 151,7°/ 750 mm; nb 


that the latter consisted of a mixture of approximately 63% of the p-isomer and 37% of the m-isomer. 
Alkylation: of chlorobenzene aime o- and p-lsopropylchlorobenzenes with the following constants; the 


nae’ b.p. 189-190.5°/ 760 mm; n5 1.4170; 1.0338; the p-isomer had b.p, 193 194,5°/ 760 mm; 


nh 1.5130; ae 1,0223, Oxidation of these yielded o-chlorobenzoic acid with ee 143° and _dnacoupsRe 


Alkylation of bromobenzene yielded a mixture of o- and p-isopropylbromobenzenes with b.p. 22—22.7/ 
/753 mm; np 1.5371 and 4% 1.2840, Oxidation of this yielded o-bromobenzoic acid with m.p. 148.5° and p- 
bromobenzoic acid,m.p, 256, 


Alkylation of phenol yielded with b.p. 124—124,3°/ 41 mm, m.p. 15.5°; 1.5282; 
0.9963 and p-isopropylphenol with m.p, 51°, From them we obtaine4 and acids 
with 131.5 and 81 


Isopropyl ether was not detected the reaction produces, 
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- PROCEEDINGS 

‘THE FIRST ALL-UNION CONFERENCE ON | 
RADIATION CHEMISTRY, | | 

MOSCOW, 1957 


THIS UNPRECEDENTED RUSSIAN CONFERENCE on Ra- 
diation Chemistry, held under the auspices of the Division of 
Chemical Sciences, Academy of Sciences, USSR and the Ministry of 
Chemical Industry , aroused the interest of scientists the world 
over. More than 700 of the Soviet Union's foremost authorities 
in the field participated and, in all, fifty-six reports were — 
read covering the categories indicated by the titles of the in- 
dividual volumes listed below. Special attention was alsogiven 
to radiation sources used in radiation-chemical investigations. 


Each report was followed by a general discussion which -— | 
reflected various points of view in the actual problems of 
radiation chemistry: in particular, on the mechanism of the 
action of radiation on concentrated aqueous solutions, on the prec- 
tical value of radiation galvanic phenomena, on the mechanisas vk 
the action of radiation on polyners, etc. 


The entire "Proceedings" may be purchased as a set, or 
individual volumes may be obtained separately as follows: 


Primary Acts in Radiation Chemicat Processes 
paper covers; § reports, approx. 38 pp., illus.; $25.00) © 

Radiation Chemistry of Aqueous Solutions 

(heavy paper covers, 15 reports, approx. 83 pp., illus., $50.00) 

Radiation Electrochemical Processes : 

(heavy paper covers, 9 reports, approx. 50 pp., illus., $15.00) ~— 


Effect of Radiation on Materiais Invoived in Biocheme- 
lcal Processes 


(heavy paper covers, 6 repurts, approx. S4 pp., illus., $12.00) __ - 
Radiation Chemistry of Simple Organic Systems 

(heavy paper covers, 9 reports, approx. 50 pp., illus., $30.00) 
Effect of Radiation on Polymers 


(heavy paper covers, 9 rcports, approx. 40 pp., illus., $25.00) 
Radiation Sources . 


(heavy paper covers, 3 reports, approx. 20 pp., illus., $10.00) . 
: PRICE FOR THE 7-VOLUME SET 
: $125.00 


NOTE: Individuo! reports from each volume available at $12.50. 
each. Tables of Contents sent upon request. 


CB Fy bilingua® scientists include all 
the test. iagrammatic, and tebuler material inte, with 
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SOVIET DOCTOR 


Honored Physician of the Georgian ssR 


the English translation 


IAGO GALDSTON, 


of a 


G. S. DOEV- 
introduction te 


by 
M.D.,F.A.P.A. 


From the preface to the second edition... x 


This book by Gavriil Sergeevich Pondoev, Honored 
Physician of the Georgian SSR, published here in its 
second edition, casts light on the urgent questions of 


and his work in clinical hospitals, have enabled the 
author to gather material from extensive observations, 
and his personal experience has imparted to them a 
unique value. ... Young doctors and medical students 
will discover in G. S. Pondoev’s book the answers to 
many troubling questions of vital importance—ques- 


independent practice, but also later on. ... 


Professor D. G. Mamamtavrishvili, 
Honored Scientist 


medical conduct in the broad sense of the term... . 
Half a century of service (as a practicing physician) 


tions that will come up not only at the beginning of 


CONTENTS. 
Thm Vocanon or 
e MEDICINE—ART OR SCIENCE? 

e@ Booxs, LECTURES, EXAMINATIONS 
Tue Docror AND THE PATIENT 

© AT THE PATIENT'S BEDSIDE 

@ THE Doctor's MODE OF THOUGHT 
ANAMNESIS, DIAGNOSIS, PROGNOSIS 
© PROPHYLAXIS AND TREATMENT 


@ SPBCIALISTS 


“...A work of many 
of Russian medical conduct and ethics will 
prove to ke of absorbing interest 
and ¢gveat value to both the 


Book Division 


dimensions...” this exposition 


1959, cloth-bound, 
6x9", 246 pages. 


$495 


medical and lay public. 
Dr. Galdston | 
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